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With one plate (fig. 3) 


SUMMARY 


The histochemistry of masked lipids of chromosomes has been investigated with the 
id of paper chromatographic procedures. At least three tightly bound associations of 
hospholipid with protein have been identified in calf thymus nucleohistone. Hence 

seems likely that the ‘spurious’ reactions of nuclei and of nucleohistone, especially 
ter extraction with lipid solvents, is a true indication of the increased availability of 
vese closely linked phospholipids. Moreover, not more than about 10% of the 
1aterial extracted by hot pyridine from calf thymus was fatty, the rest being water- 
sluble. After treatment of plant cells with hot trichloroacetic acid had produced 
creased staining with methods for demonstrating lipids, fatty matter could be 
<tracted from the tissues. This demonstrates that the cells which gave the ‘spurious’ 
saction did contain lipid. Hence it seems probable that extraction with solvents does 
ot remove all lipids but may make those that remain more available for staining, so 
iving rise to what has been considered to be a spurious reaction. 

The nature of the binding of lipid to protein and the relevance of such complexes 
» histochemistry and the composition of nuclei are discussed. 
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INTRODUCTION 


OR many years histologists have considered that some lipids may occur 
in such a form that they cannot be demonstrated until some pathological 
ndition or special histological treatment reveals them. In order to explain 
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this visualization of lipids it is necessary to assume either that the lipid i 
present in a form that is available for staining but is so finely dispersed th 
it cannot be seen, or that it is bound to other material in such a way that colour 
ing agents for lipids cannot dissolve in it. Berg (1951), ina careful study 0 
masked lipids of many types of tissues, tended to equate ‘masked lipid’ wit 
that fatty matter which is present in very fine dispersion. During the fatt 
degeneration of the cells these finely divided particles were believed t 
coalesce to form resolvable droplets. Berg therefore considered that becaus 
of its fluorescence, 3: 4-benzpyrene could be used to demonstrate the presence 
of this type of masked lipid and his results with this fluorochrome are impres 
sive. In the opinion of the present authors, however, such fatty matter ee | 
be designated ‘finely dispersed lipid’ since it has no ‘mask’ or masking agent 
associated with it. 

The possibility that lipids might be unavailable to stain because of thi 
presence of a true mask of protein, or other substance, has been suggestee 
tentatively by Grundland and Bulliard (1938) (in Lovern, 1957). The purpos: 
of the present investigation was to test the validity of the concept of ‘maskee 
lipids’ in histochemistry, particularly of phospholipids. | 

Phospholipids may be identified by Baker’s acid-haematein and pyridin 
extraction tests. Baker (1946, 1947), after a detailed and careful study, co 
cluded that phospholipid was present in tissues if the acid-haematein test wai 
positive under normal conditions, but negative after prior extraction with 
pyridine. Although such results were obtained in some parts of cells, others 
notably the nuclei, stained more intensely after treatment with pyridine. Baker 
although aware of the possibility that this might be due to the presence 
masked lipids, was forced on reasonable grounds to conclude that, until th: 
occurrence of such lipids was proved, it was not possible to deduce thet 
presence from these data (also see Cain, 1950). Hence the only permissibll 
conclusion that could be reached was that, where there was an increase ii 
staining after the pyridine extraction test, nothing could be said about thi 
presence or absence of phospholipids. Thus it was impossible to decide i 
these substances occurred on interphase or mitotic chromosomes. Moreover 
since Baker (1946) had shown that nucleohistone from calf thymus yielde: 
‘spurious’ reactions for phospholipid with his tests, it seemed likely that thi 
material was the ‘interfering substance’ present on the chromosomes. 

Thus it was considered advisable to reinvestigate the phenomenon ¢ 
masked lipids in histochemistry by means of the new methods which are nov 
available (e.g. see Lovern, Olley, Hartree, and Mann, 1957) for the identifica 
tion of very small quantities of phospholipids. Three questions had to 
considered: First, is nucleohistone an ‘interfering substance’, or does it co 
tain closely bound (masked) lipids? If it were the former, then it would 
impossible to show the presence of phospholipids in nuclei by histochemic 
means. If it contained bound lipids, however, these would be expected 
occur also in intact nuclei. Secondly, does pyridine extract only fatty materia 
or might it also remove a substance which could mask strongly bound lipi 
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‘hirdly, in a tissue in which lipid has been apparently unmasked, is there any 
vidence that fatty substances are present? 


MATERIALS 


Nucleohistone was prepared from calf thymus in two different ways. In the 
rst (Mirsky and Pollister, 1947), the thymus was homogenized ina 1 M solu- 
on of sodium chloride in an M.S.E. homogenizer, filtered, and the dissolved 
eoxyribonucleohistone precipitated out of solution by diluting the salt 
oncentration to about o-14 M. It was redissolved in the stronger saline and 
len reprecipitated by dilution. The second method, that of Doty and Zubay 
956), is a modification of the procedure of Shooter and others (1954) for 
reparing nucleohistone of very high molecular weight. For this, 200 g of 
ozen calf thymus were placed in a Kenmix ‘55’ blender, after removal of 
lost of the connective tissue. It was just covered with a saline-versene solu- 
on (0-075 M NaCl-+0-024 M Na versenate at pH 8-0) containing 2 ml 
ipryl alcohol (octan-2-ol) and homogenized for 3 min until an even homo- 
senate was obtained. The volume was made up to 1 litre with the saline- 
ersene solution and homogenized for a further 10 min. The solution was 
Itered through gauze which had been washed with saline-versene, and spun 
. 250 ml buckets in an International Refrigerated Centrifuge at 2,800 r.p.m. 
rr 20 min. At the end of the spinning the supernatant fluid was discarded. 
he sediment was resuspended in 500 ml of saline-versene and 1 ml of 
stan-2-ol, and spun for 10 min at 2,800 r.p.m. The supernatant was discarded 
id the sediment resuspended in 500 ml of saline-versene solution and 1 ml 
stan-2-ol. This was spun at 3,000 r.p.m. for 10 min. This last process was 
peated three times more. The final precipitate was believed to be pure 
ucleohistone (58-68 g wet weight). 


METHODS 


eparation of water-soluble materials that may be mixed with lipids. 


The method of Folch and others (1951) was followed. The crude matter 
as dissolved in a mixture of one volume of methanol to two or three of 
loroform and this solution was pipetted, drop by drop, into a column of 
ater in a 2-litre measuring cylinder. The drops fell into a small dish which 
ted as a false bottom to the cylinder. The liquid was allowed to stand, under 
e water, at least overnight in a cold room. The methanol passed rapidly into 
e water, both from the individual drops and from the accumulated fluid, 
using severe currents by which water-soluble material escaped into the 
ater. The residual solution in chloroform was then removed, three volumes 
‘methanol were added, and the process was repeated with a fresh column of 
ster. The matter which remained in the chloroform, plus any present at the 
loroform-water boundary, was regarded as lipid or as substances probably 
mbined with lipids. The efficiency of this procedure in removing ultra- 
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violet-absorbing substances which were dissolved in methanol-chlorofor 
can be seen in fig. 2. 


extinction 


230 250 300 
wavelength (my) 


Fic. 1. Curve (i), the absorption curve of the formaldehyde-calcium after calf thymus hz 
been fixed in it. A nucleotide-like peak at about 260 mp, but including a protein-like should! 
at 270 mp is noticeable. The fixative was diluted 10 times. Curve (ii), the ultraviolet abso 

tion of the formal-calcium after the lipid-protein complex had been removed by shaking t 
used fixative with chloroform. Diluted 10 times. Curves (i) and (ii) are qualitatively simila 
the differences in height are due to some material being precipitated out by the chloroforn 


Hydrolysis procedures. Lecithins and kephalins, in the free state, can b 


hydrolysed by boiling for 2 h in a o-5 N solution of potassium hydroxide i 
96% ethanol under a reflux condenser or saponification column (see Lover 
1957). The unsaponifiable matter is removed from the cooled hydrolysate 
shaking with ether. ‘The fatty acids are not removed because they are prese 
as the water-soluble potassium soaps; they are freed from the soaps, therefor 
by acidifying to about pH 5:5 and are then removed by shaking again wit 
ether. "he remaining aqueous hydrolysate contains such components ¢ 
choline, glycerophosphate, serine, and ethanolamine. During such hydrolys: 
there is some conversion of a-glycerophosphate to the B-form (Dawson, 1957 
Chromatographic methods. 'The water-soluble components of the hydrc 
lysate were concentrated and an ‘Agla’ micrometer syringe was used to plac 
measured volumes of it on to a line on a sheet of Whatman No. 1 filter pape: 
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nown amounts of the pure substance were placed between these ‘spots’ of 
e hydrolysate. It was sometimes preferable to use filter paper that had 


en. washed with hydrochloric acid (Hanes and Isherwood, 1949), as this gave 


4-0 


extinction 
Ww 
(3 


2:0 


250 300 340 


wavelength (mp) 


3.2. Curve (i), the absorption of that part of the precipitate which was soluble in methanol- 
oroform. The presence of substances absorbing maximally in the region of 260 and 275 mu 
yoteworthy. Curve (ii), the absorption, in methanol-chloroform, of the lipoidal matter 
ich remained after the procedure of Folch for the removal of water-soluble compounds. 
ése two curves show the efficiency of this procedure in purifying lipoidal substances. 


aner separations. Ascending chromatograms were then run, the solvent 
ing 80°%, 2-propanol. 

When dry each chromatogram was studied to visualize a particular com- 
nent of phospholipids. Choline was demonstrated by the method of Levene 
1 Chargaff (1951), in which the substance is treated so as to produce an 
oluble phosphomolybdate. The free phosphomolybdic acid is washed out 
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of the paper and the insoluble material is reduced to yield an intense blue dy 
The evidence that a particular coloration on the chromatogram represen 
choline is (a) that it produces an insoluble phosphomolybdate, and (bd) that 
has the same R, value as the control spot for choline (see fig. 3). Glycer 
phosphate was visualized by the method of Burrows and others (1952), whic 
demonstrates the presence of phosphoric acid. Again, the proof that th 
material which contains phosphate is w- or B-glycerophosphate is obtained b 
comparing its Rp value with that of the control, run simultaneously on thi 
same piece of paper. Serine and ethanolamine were identified by sprayin, 
with 0-2°% ninhydrin in absolute n-butanol and heating for 10 min at abo 
110° C. This reaction is given by any free amino group. Inositol was sough 
by the method of Trevelyan and others (1950). - | 

When quantitative estimates were required, three control spots containin: 
different amounts of the known substance, and between these two differe | 
concentrations of the hydrolysate, were run. The areas of the developed spot 
were measured by planimetry. There is frequently a logarithmic relatio: 
between the area of the spot and the amount of a particular material prese ! 
(see Levene and Chargaff, 1951; also Fisher and others, 1948), so that thi 
amounts of a substance present in the known volumes of hydrolysate wer 
estimated from a graph of this relationship obtained from the controls. 

In the present study sphingosine has not been estimated. The eviden 
concerning its occurrence, probably as sphingomyelin firmly bound to protei 
in the nucleohistone used in the present investigation, has been presented b 
Chayen and Gahan (1958). 

Histochemical and staining methods. Lipids were demonstrated by the use ¢ 
an alcoholic solution of Sudan black B, by Baker’s acid haematein test, ani 
by the orange G aniline blue method described by La Cour and Chaye 
(1958). 

RESULTS 
The lipids of nucleohistone 


Lipids in unprecipttated nucleohistone. The nuclechistone was prepared b; 
Doty and Zubay’s method (1956). It was boiled, under a reflex condenser, fc 
2 hin ethanolic potash. Most of the material dissolved and the small sedimer 
which remained was removed (C, see below). The hydrolysate was shaken wit 
ether to remove the unsaponifiable matter and then acid was added to adjua 
the pH so as to free the fatty acids. As the pH approached pH 6, a pale yellop 
precipitate consisting of short adhesive threads began to form. The pH wa 
brought to pH 5-6 and the precipitate was removed (B). The filtrate wa 
shaken with ether to remove the fatty acids, the aqueous phase (material 4 
was concentrated and was examined by paper chromatography. This demo 
strated the presence of a phosphate- and a choline-like moiety, both apparentl. 


Fic. 3 (plate). A chromatogram demonstrating choline in sample C. The acid hydrolys 
of C is in the second and fourth columns, measured from the left, and known amounts | 
choline are in the first, third, and fifth columns. 
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ound to other substances since they did not run freely from the starting line. 
. spot which seemed to correspond to free $-glycerophosphate was found; no 
educing sugars were observed. 

The material (B), which had been dissolved by the ethanolic potash but 
yhich precipitated at between pH 5 and 6, was hydrolysed by boiling for 3 h 
nder a reflux condenser, with 6 N hydrochloric acid. After shaking with 
ther to remove fatty acids, the aqueous phase was evaporated to dryness and 
he residue was dissolved in water for chromatography. One chromatogram 
yas sprayed with ninhydrin and showed many unidentified spots. 8-Glycero- 
hosphate, some bound phosphate, and free choline were also demonstrated; 
0 reducing sugars were detected. 

The sediment (C’) which remained after the original hydrolysis in ethanolic 
otash was boiled in 6 N aqueous hydrochloric acid for about 2 h and this 
ydrolysate, treated in the same way as was that of B, was studied by chroma- 
ography. Choline and glycerophosphate, both bound and free-running with 
he correct Ry, value, were found. There was much ninhydrin-staining 
natter, with strongly positive regions or spots which had R, values similar 
0 those of serine and ethanolamine. No reducing sugars were detected. 


‘TABLE I 
Amount of material found 
in the hydrolysate 
Hydrolysis tglycero 
Material treatment phosphate t+choline 
(mg.) (mg.) 
qucleohistone’ ethanolic potash a opi 
asoluble material, C 6 N hydrochloric acid for 327 24°4 
Pan 
tecipitate, B, from the 6 N hydrochloric acid for 26 61:2 
hydrolysis of ‘nucleo- 3h 
histone’ 
Total amounts Bsc) 22 er7 


+ Only spots having the correct Rp value have been estimated. 


Substance C resembles a lecithin in containing glycerophosphate and 
holine, but the former is present in excess of what would be found in a 
1ormal phosphatidyl choline. It is possible that some of the glycerophosphate 
yas combined with serine or ethanolamine in a kephalin-like arrangement. 
[he astonishing fact, however, is that if kephalins and lecithins were present 
n this fraction, they were not even dissolved by boiling alcoholic potash, which 
lissolves and degrades normal glycerophosphatides to their component 
noieties. Substance B, on the other hand, dissolved in the ethanolic potash 
yut was precipitated at a more acid pH. The results of its hydrolysis by acid 
uggest that it too contained either a lecithin with an excess of glycerophos- 
hate or a mixture of lecithins and kephalins. The fact that they were not 
legraded by the alkaline hydrolysis and were precipitated on acidification, 
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suggests that they may occur as a lipid-protein complex. The results obtaine : 
with ninhydrin support the view that protein may be present in this substance 

It would seem, therefore, that this nucleohistone contained four lipid-lik 
components: those of fractions B and C’;; the matter in fraction A which yielde 
the free glycerophosphate after alkaline hydrolysis only; and the bound lipid 
like matter of fraction A. It is not known whether the free glycerophosphat 
of A was derived from the lipid of the heterochromatic regions of the nucle 
(Chayen and others, 1959), or from the bound matter. It is likely that th 
lipids of B and C were bound tightly to some other substance, probabl 
protein, in such a way that they were protected from solution and fron 
hydrolysis unless the protein itself were hydrolysed. This is of concern becaus 
of its significance in histochemistry, where a binding which is so resista 
would be expected to protect the lipid from extraction in simple solvents. 

It would seem desirable to make some estimate of the proportion of lipid 
like matter in this nucleohistone. No precise value can be obtained from th 
present data since only the hydrolysis products of the lipids were determine 
and fatty acids have not been estimated. This is immaterial for our investiga 
tion, the purpose of which is not to identify the lipids exactly but rather t 
see whether lipid components occur in sufficient quantity to affect histop 
chemical reactions. 

The data in table 1 can be evaluated in at least two ways. | 

(1) According to Chayen and Gahan (1958), sphingomyelin could account 
for some 6°, of this nucleohistone. Thus if their assumptions are correctt 
168 mg of the present sample of nucleohistone (dry weight 2-81 g) could bo 
sphingomyelin. If it is assumed that the fatty acid associated with this materia 
is lignoceric acid (Lovern, 1957) the molecular weight of the sphingomyelin 
would be 844 and hence it follows that 168 mg would liberate about 24 mg 0 
choline. The total amount of choline recovered was 122-7 mg (table 1), so tha 
some 98 mg remained to be accounted for. 

If this residual choline was present in a phosphatidyl choline which con 
tained C,, acids as both fatty acid moieties, this choline plus about 173 m 
of the glycerophosphate would have been derived from about 0-85 g of thi 
lecithin. There is still an excess of 180 mg of glycerophosphate. If it is assumed 
that this is present only as glycerophosphate (perhaps bound to protein), th 
total lipid content of this nucleohistone would be 0-85 g of phosphatid 
choline, 0-17 g of sphingomyelin, and 0-18 g of glycerophosphate,  totallin 
1:2 g out of the original 2-81 g of ‘nucleohistone’. Thus lipid-like materi 
would comprise some 46%, of the ‘nucleohistone’. 

(i) This figure must be considered the upper limit and seems absurdly hig 
A lower limit can be calculated by assuming that sphingomyelin (168 mg) 14 
present and that no fatty acids occur. The rest of the choline (98 mg) might 
then be combined with 173 mg of the glycerophosphate to yield 271 mg oO 
glycerylphosphoryl choline (see Dawson, 1957); since this compound ij 
water-soluble it would have to be linked to some other moiety, such as fa 
acids or proteins. Similarly, the residual glycerophosphate (180 mg) must b 
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sessed as glycerophosphate, which may be bound to protein. Hence the 
tal amount of lipid-like material is 619 mg, which constitutes about 28% of 
e ‘nucleohistone’. This seems to be a more reasonable figure since no esti- 
ates were made of the fatty acid content. Although a lipid, biochemically, 
defined as possessing fatty acids, the glycerophosphate (or the sphingosine) 
oieties may be taken as the histochemical markers for phospholipids. 


ipids in reprecipitated nucleohistone 


In a somewhat preliminary study this nucleohistone was boiled in ethanolic 
stash for 2 h under a reflux condenser. Subsequently any unsaponifiable 
atter and fatty acids were removed and the hydrolysate was concentrated 
a small volume for chromatography. Some glycerophosphate was found, 
ssibly corresponding to. the phospholipid of heterochromatic regions 
thayen and others, 1959). No free choline was found but much choline-like 
aterial, yielding insoluble deep blue salts with phosphomolybdic acid, was 
yserved. Most of the choline-like matter had not moved from the starting 
1e and correspondingly, phosphate-containing material occurred at the same 
ints on the chromatogram. It seems likely, therefore, that even the repre- 
pitated nucleohistone contained the phospholipid of the heterochromatic 
gions plus other, alkali-stable lipids. 

Hence it may be concluded that when nucleohistone stains positively for 
10spholipid, its reaction is probably a true one. Moreover, although it is 
yssible that the pyridine extraction test may remove the surface phospholipid 
om the heterochromatic regions of nuclei, it may also unmask the tightly 
yund phospholipids (see below) which will then be free to give true positive 
actions with the acid haematein test. 


he effect of extraction with pyridine 


When plant roots were fixed in formaldehyde-calcium and then hardened 
ther in dichromate or in Lewitsky’s (1931) fluid and embedded and sec- 
mned, they stained very weakly with methods for phospholipids (see La 
our and others, 1958), but if after fixation they were treated with pyridine 
‘60° C for 24 h, all parts of the cells, but particularly the nuclei, stained 
vidly. A similar great increase in staining was obtained with calf thymus 
hich had been treated with hot pyridine. If the pyridine removed only 
yids, the increased staining was most probably due to a spurious reaction of 
e treated tissue, but if it extracted other material it was possible that this 
as the agent which masked a very stable lipid. 
Pieces of calf thymus were placed in pyridine at 60° C for 24 h, after which 
e pyridine was decanted, centrifuged to remove cell debris, and evaporated to 
yness. The dried residue was weighed, shaken with methanol-chloroform, 
d left at 60° C for 2 h ina corked container to dissolve lipid-like substances. 
he solution was centrifuged to remove insoluble material and then subjected 
the Folch procedure and left under water at about 4° C for 3 hee ie 
soluble matter did not seem to be lipoidal and did not dissolve in hot 
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ethanol-ether. The material which remained soluble in the chloroform after th 
Folch procedure, plus insoluble matter floating on its surface, were co / 
sidered as fatty substances and were collected together, dried, and weighecg 
They corresponded to only about 8% of the total residue obtained fror 
the pyridine (see table 2). 
It is very likely that, under the conditions of this test, the extraction q 
lipids by pyridine was incomplete. However, the experiments do answer t 
question posed, namely does pyridine extract only fatty material or might | 
also remove a substance which could be masking strongly bound lipid? 


TABLE 2 
Weight of 
Weight of Weight of water-sol, 
Dry weight extracted ‘lipid’ in material Percentage ? 
of material | matter that | chloroform after ‘lipid’ of — 
Wet weight | extracted was insol. |aftertheFolch| the Folch extracted 
of thymus | by pyridine | in meth-chl. procedure procedure matter 
g g g = g (%) 
1543 O'113 0°0558 00099 00473 8-76 
10'1988 0°1535 01188 0:0070 0:0277 4°56 
11'5063* 0°1507 o-1201 O°0105 0:0201 6:97 
Ga ksiy es 0°1406 0:0996 0:0190 00220 13°52 


* The material extracted in pyridine was not heated with methanol-chloroform in thee 
experiments. 


The demonstration of lipid in tissues which showed the ‘spurious’ reaction 


‘Spurious’ reactions for phospholipids were obtained in plant root cells afte 
fixation in formaldehyde-calcium and treatment with hot pyridine, with 5° 
trichloroacetic acid at go° C. for 15 min, or even with hot ethanol-ether. Eac 
of these procedures greatly increased the staining for lipids throughout t 
cells but particularly in the nuclei. Since the action of trichloroacetic acid : 
fairly well known, it was thought advisable to examine the tissues after treat: 
ment with this liquid to see if the staining reaction was indeed spurious c4 
whether lipid-like matter was present which might account for the reaction. | 

Roots of Trillium grandiflorum and Vicia faba were fixed in formaldehyde 
calcium, and those of Scilla campanulata in 45°, acetic acid for 5 h. A fer 
roots from each batch were removed for cytological examination to ensutt 
that only the nucleoli stained appreciably for lipids. The rest of the roots wen 
treated with 5% trichloroacetic acid at about go° C for 15 min. Some wer 
taken for cytological inspection to confirm that this procedure had induced 
strong lipid reactions in the nuclei and in the cytoplasm; these reactions wert 
least marked in Vicia roots. The remainder were put into alcoholic potash ani 
boiled under a reflux condenser for 2 h, during which the roots and the liquii 
turned yellow. ‘The hydrolysate was removed, concentrated, and examineé 
by chromotographic methods. 
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“The chromatograms run from the hydrolysate of S. campanulata roots showed 

he presence of substances corresponding to a- and B-glycerophosphate (the 
-form is produced readily from its isomer by hydrolysis), inositol, serine, and 
ossibly arginine; a small amount of material resembling choline was present 
n the starting line. The hydrolysate from Trillium roots contained material 
rhich did not move from the starting line and which gave the colour reactions 
or choline, phosphate, and reducing sugars; a-glycerophosphate and pos- 
ibly serine and arginine were also detected. These results were similar to 
hose reported for reprecipitated nucleohistone (above). From Vicia roots, 
-glycerophosphate, some reducing sugars, and traces of amino-acids resemb- 
ing serine and possibly arginine were obtained. 

It seems likely, therefore, that lipoidal material was present in the roots 
fter treatment with trichloroacetic acid and that this matter, or at least some 
f it, was rendered soluble in the potash but was not hydrolysed to its com- 
nents. Hence it behaved similarly to the bound lipids of the calf thymus 
jucleohistone. 


DISCUSSION 


There have been two major obstacles to the histochemical study of the 
hospholipids, the first being that frequently reactions are intensified by 
reatment with reagents which would be expected to remove these substances, 
nd the second that nucleohistone is an ‘interfering substance’, that is it 
tains as if it were a phospholipid. The data presented in this communication 
uggest that the solution to these problems lies in the possibility that true 
nasked lipids occur which are so tightly bound that the usual lipid-solvents 
re unable to remove them. This binding may be so firm that boiling alkali, 
vhich hydrolyses free lecithin-like phospholipids completely, may not even 
lissolve these lipid-protein complexes, as was found with the sediment C. 
Vioreover, not more than about 10°%% of the material extracted by hot pyridine 
rom calf thymus was lipid (also see Olley and Lovern, 1954). ‘Thus it seems 
ikely that hot pyridine removes non-lipid matter, possibly protein, which 
iormally masks tightly bound phospholipid; this lipid can be visualized also 
yy treatment with trichloroacetic acid. Hence it would appear likely that in 
oth the nucleus and cytoplasm, truly masked lipids are present which, with- 
ut special treatment, are not available for staining by virtue of their associa- 
ion with some other substance such as protein and nucleic acid. 

Some idea of the manner in which this protection is conferred was suggested 
yy. the study of phospholipids in nucleohistone. Since nucleohistone, pre- 
ared by two different methods, contained phospholipid-like matter, perhaps 
n relatively high concentration, it is not surprising that nucleiand chromosomes 
‘ive positive reactions for phospholipids. The binding of these lipids to the 
ucleohistone, however, is so strong that they may not be available to the 
taining reagents before the bonds linking them are broken. This would 
xplain the increase in staining for phospholipid by nucleohistone and by 
uclei after treatment with pyridine, trichloroacetic acid, and other solvents. 
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It has been shown that after extraction with trichloroacetic acid, when a 
increase in such staining was observed, lipid-like matter was present i 
appreciable quantity in the tissues. + 

In the authors’ opinion it is advisable to restrict the term ‘masked lipid 
to those lipids which are truly ‘masked’, namely rendered unavailable to th 
staining reaction by virtue of their binding or close physical association wit 
other substances such as protein. Lipids which cannot be resolved easil; 
because of their colloidal state may often be visualized by the use of a mor 
sensitive method, such as Berg’s benzpyrene technique (Berg, 1951). Suc 
lipids, in the authors’ view, should be called ‘finely dispersed’; they can b: 
distinguished readily from masked lipids by their solubility. 

That extraction with pyridine enhances lipid reactions has been observe 
in many tissues and raises the problem of whether this close association 
phospholipid and protein may not be very widespread. The more recen 
biochemical work of Folch and Lees (1951), Folch and others (1951 @), Spir 
and McKibbin (1956), Smith and others (1957), and Bruemmer and Thoma 
(1957), as well as the histochemical studies of Berenbaum (1954), Serra (1 958) 
and ourselves, all suggest that frequently protoplasm may be a lipid-protei 
complex. | 

Some of the difficulties concerning the possible presence of phospholipid: 
on chromosomes would seem to have been clarified, and defined more sharpl ; 
Mitotic chromosomes in plants and the heterochromatic segments of many 
interphase nuclei contain a phospholipid-like substance which is bound té 
protein, the whole complex being soluble in formalin (Chayen and others} 
1959). It is likely that the lipid moiety would be removed from tissues by 
ethanol-ether or by pyridine. These solvents do not remove the staining 
properties of chromosomes and nuclei, however, but increase them. It is sug4 
gested that this effect is due to the increased availability of the tightly bounc 
phospholipids of the nucleoprotein of chromosomes and interphase nuclei. 


We are grateful to Professor J. T. Randall, F.R.S., for allowing us facilities 
in his Laboratory. We are very much indebted to Dr. H. B. Fell, F.R.S., ane 
Dr. C. Long for helpful advice. One of us (J. Chayen) also wishes to acknow- 
ledge his debt to Dr. J. A. Lovern and Dr. J. Olley for instruction and hel 7 
with the biochemical methods and for their kind interest. We are also in- 
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What is the ‘Golgi Apparatus’ in its Classical Site within 
the Neurones of Vertebrates ? 


By 8. K. MALHOTRA 


vom the Cytological Laboratory, Department of Zoology and Comparative Anatomy, Oxford) 


SUMMARY 


A reticulum can be seen by interference microscopy in the cytoplasm of the living 

urone of vertebrates. The reticulum consists of irregular, massive bodies and thin 

rands. ‘There are also well-defined spaces in the cytoplasm, in contact with the re- 

ulum; they are usually crescentic. 

The massive bodies are the objects commonly called Nissl bodies. The thin pean 

e the basiphil threads clearly recognized by Nissl himself as constituting a part of 

s basiphil material. 

The classical ‘Golgi apparatus’ of the cell-body of the neurone of vertebrates con- 
ts of a deposit of silver or of osmium on the cytoplasmic inclusions mentioned in the 

st paragraph, but especially on the basiphil strands, which have a particular affinity 

r silver. 

At the base of the axon there are non-basiphil threads, which are also blackened 
the Golgi methods. 
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INTRODUCTION 

LTHOUGH the ‘Golgi apparatus’ was first recorded in the neurones | 
Nee (Golgi, 1898 a, b), there is still no agreement about th 
object in these cells which has such a remarkable affinity for silver ar 
osmium and presents the classical Golgi pictures. A vast amount of literati 
on this subject has accumulated during the past 60 years, and various inte 
pretations of the ‘appareil réticulaire interne’ of Golgi (1898a) have bee 
put forth. An extensive review of these papers is not necessary, but it 
intended to make reference to a few of the chief assumptions concerning t 
contentious object. 

In 1910 Legendre considered that the picture produced by the Nissl bodi 
after metallic impregnation in silver had essentially the same appearance | 
the classical Golgi apparatus. Brambell (1923) also recognized that the Nis 
substance in the neurones of vertebrates had the same distribution as tl 
‘Golgi apparatus’. These views have not been sufficiently examined. 

Monti (1915), a pupil of Golgi, believed that the mitochondria represente 
in life the latter’s reticular apparatus. She based her conclusions on the rj 
semblance between the aspect, position, quantity, and orientation of t 
‘chondriome’ and the reticular apparatus in the neurones of vertebrates an 
arthropods. Thomas (1948, 1951, 1952) claimed that in the neurones of verti 
brates the mitochondria, together with the lipid droplets, formed a scaffoldin 
for the deposition of osmium, resulting in a netlike structure. Baker (1957a) als 
stated that ‘lipid globules and perhaps mitochondria appear to be concerne¢ 
in the production of the Golgi apparatus in the neurones of vertebrates 
I have also made a similar suggestion (1958). : 

Covell and Scott (1928) thought that the classical ‘Golgi apparatus’ w: 
formed by the neutral red vacuoles, which were arranged in lines, and fusé 
under the influence of fixatives. The osmium or silver was deposited on th 
strands thus formed. 

Gatenby and Moussa have for a considerable time insisted on the existen¢ 
of certain osmiophil and argentophil canalicular structures (see Gatenbp 
1953, 1954; Moussa, 1952, 1956; Moussa and Banhawy, 1954), which, the 
consider, is the classical Golgi apparatus of the neurones of vertebrates 
Gatenby (1953) and Moussa (1952) and Moussa and Banhawy (1954) claim 1 
have seen a canalicular reticulum in the living neurones of the mouse and 
amphibians by phase-contrast. Adamstone and Taylor (1953) believe that th 
saw undulations of a dark Golgi reticulum in the living neurones of the 1; 
by direct microscopy. The majority of the cytologists in the past have faile 
to observe in the living neurones either by direct or by phase-contrast mice 
scopy any canalicular or other structure corresponding to the reticular appa) 
ratus of Golgi (Covell and Scott, 1928; Baker, 1944, 1949, 1953 a, b, 1954 
1957a; Thomas, 1948, 1951, 1952; Bourne, 1950, 1951; Gresson, 1954 
Casselman and Baker, 1955; Young, 1956; Malhotra, 1957 a, b, c, 195 
Engstrém and Finean, 1958); and they have regarded the ‘Golgi apparatul 
of fixed preparations as an artifact. 
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Palay and Palade (1955) have described what they call an ‘agranular 
tticulum’ in the neurones of vertebrates, and tentatively suggested its homo- 
@y with the “Golgi apparatus’ of other cells. This reticulum is seen in 
ectron-micrographs of thin sections as cavities, bounded by membranes; the 
jtter appear as closely packed, parallel profiles. Beams and his colleagues 
952), however, observed Golgi ‘filaments’ by electron-microscopy, identical 
) those seen by light microscopy (Beams, 193 1). Hartmann (1953) and 
jossack and Wyburn (1954) observed Golgi vesicles with lamellar membranes 
electron-micrographs of vertebrate neurones. 

The present investigation was undertaken with a view to determine the 
pject on which silver or osmium is deposited to produce the Golgi apparatus 
| its classical site, the neurones of vertebrates. 


MATERIAL AND METHODS 


It was hoped to repeat, as far as possible, the original observations of Golgi. 
or this reason the Purkinje cells of a bird were the first object of study. 
he pigeon, Columbia livia, was selected because it is readily available. The 
vestigation was soon extended to the neurones of the dorsal root ganglia 
).r.g. cells) of the same animal, which are much easier to examine during 
e. For reasons that will appear, it was decided to widen the scope of the 
gsearch, and a certain number of observations were made on neurones from 
je following sources: d.r.g. cells of the mouse, anterior mesenteric and 
jeliac ganglia of the rabbit, spinal cord of the mouse and frog (Rana tem- 
traria). The main investigation centred, however, on the pigeon. 
|The following techniques were used. 


hase-contrast and interference microscopy 


‘Neurones from freshly dissected animals were teased and examined in a 
‘op of saline (Baker, 1949). Neurones from the pigeon were studied by 
sase-contrast alone, the d.r.g. cells of the mouse by both phase-contrast and 
terference microscopy. The interference microscope has been found to be 
Valuable instrument for purely morphological study. 


‘tal dyes 

Neutral red and methylene blue were used in weak solutions made in saline 
drop of 0-5°% aqueous solution of the dye to 2 ml of saline) on the d.r.g. 
lls of the pigeon. 


jrect osmication 

Pieces of d.r.g. of the pigeon were dropped into a solution of 2% osmium 
troxide and kept at room temperature in the dark. After about 12 to 15 h 
ey were taken out, teased in saline, and studied by direct and phase- 


intrast microscopy. 
421.3 Aa 
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‘Golgi’ impregnation methods 


Besides the standard silver methods of Ramén y Cajal (1914), Da Fam 
(1920), and Aoyama (1929), Golgi’s (18982) original method of fixation i 
dichromate-osmium mixture, Veratti’s (Golgi, 1900) modification of Golgi 
original method by addition of chloroplatinic acid, and Golgi’s (1908) arse 
ious acid / silver method were tried. Whereas the first three techniqu 
generally produced the desired Golgi pictures, the others seldom gave a f 
consistent results. After repeated attempts they were discarded as unsuitab: 
for this work. 

The Mann-Kopsch (Weigl, rgro) and Kolatchev (1916) methods wer 
used: Champy fixation was adopted for the latter. The pieces of cerebellur 
were fixed in Mann’s fluid for 3 to 4h, and the dorsal root ganglia and t 
sympathetic ganglia for 5 to 6 h. It was found that the d.r.g. cells and t 
sympathetic ganglion cells required about 5 to 7 days’ osmication (2% osmium 
tetroxide at 34° C). Shorter periods of osmication produced similar appeaa 
ances in the Purkinje cells. When Mann’s fluid was used with the addition ¢ 
acetic acid (Baker, 1957b), the general fixation was improved, and reduces 
periods of post-osmication (4 days) resulted in ‘Golgi’ pictures. Fixation i 
Hermann’s fluid (1889) followed by osmication (Baker, 1957b) gave quit 
satisfactory results in the Purkinje cells, but the fixation was not satisfacton 
with d.r.g. cells. 

Since the above silver and osmium methods involve the use of proter 
coagulants in fixation, it was decided to replace such fixatives by non-coagu 
lants, to ensure a more homogeneous appearance of the ground cytoplasm 
One such technique was developed on the same lines as Baker’s (1944 
method of post-osmication after formaldehyde-saline. Formaldehyde-calcius 
(Baker, 1944) was selected as the fixative. After fixation (24 h), the tissue we 
washed for about half an hour in two or three changes of distilled water, am 
transferred to 1° osmium tetroxide at 34° C. Osmication for 4 days was fount 
to be sufficient to produce the ‘Golgi’ pictures. Sections were cut by Peterfif 
methyl benzoate / collodion method (Lee, 1937). 

Altmann’s (1894) was also selected as a fixative for this purpose, because : 
is known to be excellent for cytoplasmic studies. Osmication after Altma’ 
gave a good view of the Golgi apparatus against a smooth background. TH 
following are the details of the procedure adopted for osmication afte 
Altmann. 


Fix ganglia for 24 h. 

Wash in running water for 24 h. 

Transfer to 2°, osmium tetroxide at 34° C for 6 or 7 days. 
Wash in running water overnight. 
Dehydrate, pass through toluene, and embed in paraffin. Cut section 
at 6 p. 
6. Mount in Canada balsam. 


maw NN 


} 


Osmicated sections were sometimes bleached in turpentine, sometimes i 
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eratti’s mixture of potassium permanganate and sulphuric acid (Lee, 1937). 
he latter acts readily, and the sections are decolourized within a quarter 
of an hour. Turpentine, sodium iodate, and hydrogen peroxide are slow 
ind not recommended for this purpose. If the fixative contained mercuric 
hloride, sections were treated with $°/, iodine in 70% alcohol and sodium 
hiosulphate. They were then stained in basic dyes (see below). For staining 
cresyl violet (see below) the sections were coated in collodion. 

For desilvering (Adamstone, 1952), the sections were brought down to 
ro% alcohol, bleached in iodine-alcohol, washed thoroughly in changes of 
70% alcohol, and brought to distilled water. They were transferred to 077595 
ilver nitrate to remove free iodine, and directly into 5°/, sodium thiosulphate 
o remove unreduced silver. After washing in running water the sections were 
eady for staining. 


itochondrial techniques 


The three fixatives that were found best for studies of mitochondria were 
elly (1903), Altmann, and a new modification of Altmann (Baker and Luke, 
958), in which ammonium dichromate is substituted for potassium dichro- 
ate ((NH,-Altmann’). Material fixed overnight in Helly was postchromed 
a saturated solution of potassium dichromate at 37° for 24 to 30 h. The 
aining methods of Metzner (1928) and Hirschler (1927) were used. Sections 
)f tissue fixed in Helly were also stained in acid fuchsine and differentiated in 
pluidine blue (Bensley, from Cowdry, 1913). Such sections were treated with 
-5°%, aqueous solutions of potassium dichromate for 30 sec before staining, 
s recommended by the author. Mitochondria were also stained in sections 
at had been deosmicated or desilvered by the methods given above. 
Collodion sections of Altmann and NH,-Altmann, 10-20 » thick, were 
xamined unstained by phase-contrast or interference microscopy. 


Volouring agents for lipids 

/ Neurones fixed in formaldehyde-calcium (Baker, 1944) and Flemming 
Vith acetic acid were coloured in Sudan black (Baker, 1949, 1956). The acid 
jaematein test of Baker (1946) was used for the detection of phospholipids. 


Basic dyes for Nissl substance 


| Tissue fixed in various ways was stained in basic fuchsine (0°5°% aqueous), 
bluidine blue (o-5-1°%, Young, 1932), thionine (0:2%), gallocyanine (Einarson, 
4933), pyronin / methyl green (Jordan and Baker, 1955), and cresyl violet 
Fernstrom, 1958). Fixation in Mann’s fluid with acetic acid (Baker, 19575) 
pllowed by staining in cresyl violet was excellent for showing basiphil 
haterial. Pyronin / methyl green after Zenker and Mann’s with acetic acid 
Iso gave good results. 

} Staining with basic fuchsine is very simple, besides being extremely good, 
specially after fixation in Mann’s fluid with acetic acid. Sections were brought 
) water (through iodine-alcohol and sodium thiosulphate, if necessary). They 
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were stained in a 0-5°%/, aqueous solution of basic fuchsine. After rinsing 
distilled water, they were passed through alcohols rather quickly, with differ 
entiation in 70%, or 90%, alcohol if desired, cleared in xylene, and mounte 
in balsam. 
Sections of material fixed in mixtures with osmium tetroxide were bleache 
in potassium permanganate and oxalic acid before staining. The treatmen 
of post-osmicated and silvered material before staining is mentioned abo 
(Pp. 343). ‘ 
Extraction of the basiphil material was done by treatment of section 
material with ribonuclease (Bradbury, 1956) or 5% aqueous solution « 
trichloroacetic acid (Pearse, 1954). 


RESULTS 
Purkinje cells and dorsal root ganglion cells of the pigeon 


General remarks. These two kinds of cells are so closely similar in th 
cytoplasmic inclusions that a single account of them will suffice. On the who 
the d.r.g. cells are easier to study, because they are larger. Certain observz 
tions were made on these cells only, but there is no reason to suppose th 
Purkinje cells different. It will not be necessary to mention in every case ¢ 
which kind of cell a particular observation was made. 

There is a good deal of size variation in the d.r.g. cells. They vary fron 
about 15 to 50. in diameter. There does not seem to be so much variation i 
the size of the Purkinje cells. Most of them measure about 20 » in width. Tk 
nucleus, in both kinds of cells, usually contains one large nucleolus (sometima 
two). The nucleus is almost centrally placed, and is generally spherical bw 
sometimes ovoid. 

Living cells. It is rather difficult to get fresh Purkinje cells in really goc 
condition for study in the living state, because even a slight pressure on tl 
coverglass is damaging to the cells, and vacuolation sets in rather quickly. TH 
task is much easier if d.r.g. cells are used for this purpose. In this case, ho 
ever, since these ganglia are very compact structures, it is essential that th 
tissue be extremely finely teased and the coverslip pressed to flatten the cell! 
The tissue was teased and mounted in saline solution (Baker, 1944). 

In freshly mounted neurones examined under phase-contrast, only or 
type of cytoplasmic inclusions can be seen with clarity. These are numeroy 
spherical and subspherical globules of high contrast, scattered at rando» 
throughout the cytoplasm except at its extreme periphery, where there a 
few. They are of varying sizes, but the biggest measure less than 1p : 
diameter in the Purkinje cells. The smallest tend to be arranged in rows. TH 
globules develop a higher contrast when they escape from disintegrating cell 
into the saline medium. The globules appear colourless by direct microscop’ 

Mitochondria are extremely difficult to see in the freshly teased neuron 
even by phase-contrast. After some time, when the cells have been flattene 


by the coverglass, it becomes possible to see small fine threadlike structur 
suggestive of mitochondria. 
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Studies under phase-contrast failed to reveal anything else significant in the 
cytoplasm of living, unstained neurones of the pigeon. I have seen some canal- 
ficular spaces in the living d.r.g. cells of the mouse and these will be mentioned 
below (p. 355). 

When the cells are vitally dyed with neutral red or methylene blue, the 
colour is taken up by spherical cytoplasmic inclusions, which are thereby 
made evident. These spheres correspond in size and distribution with the 
highly refractile globules seen by phase-contrast, and there is no reason to 
doubt their identity. 
| Osmium preparations of whole cells. In d.r.g. cells osmicated for 12 to y5en 

and examined in saline by direct micro- 
scopy, greyish globular bodies are seen. 
They appear to be similar to the ones 
observed in the living unstained neurones 
by phase-contrast. Under phase-contrast, 
jone sees with some clarity in these cells, 
besides the globular bodies, which now 
appear very dark, extremely fine, long, 
{threadlike bodies, which look superficially 
jlike mitochondria. Some of them are in 
jassociation with the edges of crescentic 
jspaces (fig. 1) similar to those seen in the 
living, unstained d.r.g. cells of the mouse 
(p. 355). The threads form a rim on one WA 
iside of the crescentic spaces. This suggests ALLO GE 
ithat these threadlike organelles are not with crescentic spoces 
imitochondria. These structures could not Fic. 1. D.r.g. cell (pigeon), osmicated for 
be seen by direct microscopy. 12h at room temperature and studied 
| ° whole under phase-contrast. 
Neurones soon become opaque in os- 
imium tetroxide solution and it was not found possible to make further 
observations by this method. 

Preparations for lipid inclusions. Colouring with Sudan black after fixation 
jin formaldehyde-calcium or Flemming with acetic acid reveals the existence 
of small lipid globules of varying sizes (fig. 2, A). These appear to be the 
jsame structures as the globular bodies described in the above paragraphs. 
They are mostly homogeneous, but a few of them in the d.r.g. cells may 
show a sudanophil cortex and sudanophobe internum in material fixed in 
formaldehyde-calcium. The lipid globules are, however, invariably homo- 
‘geneous after colouring in acid haematein. 

Sudan black and acid haematein preparations also sometimes reveal clearly 
canalicular spaces, generally crescentic, dispersed in the cytoplasm. ‘There 
does not seem to be any lipid material in association with these spaces. . 

Mitochondrial preparations. Of all the mitochondrial techniques listed earlier 
in this paper (p. 343), fixation in Helly, followed by post-chroming and stain- 
ing by the methods of Metzner and Hirschler, has given the best results with 


osmiophil threads 


osmiophi| 
globules 
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the d.r.g. cells. Fixation in NH,-Altmann followed by staining by the metho 
of Metzner was quite satisfactory for showing mitochondria in both kinds 
cells. In these preparations mitochondria appear as fine, curved threa 
dispersed in the cytoplasm. The longest of these do not exceed 4 » in th 
d.r.g. cells. They appear to be shorter in the Purkinje cells. It is sometim 
possible to resolve the filaments into granules lying in rows. In these prepar 
tions granular bodies corresponding to the lipid globules are also seen scattere: 
throughout the cytoplasm (fig. 2, B). 


| 


crescentic Spaces crescenticC Spaces 


lipid globules 


mitochondria 


IEG, Be 


Fic. 2. a, d.r.g. cell (pigeon); formaldehyde-calcium /Sudan black, showing the lipié 

globules. There is no sudanophil material in contact with the canalicular (crescentic) spaces 

B, d.r.g. cell (pigeon), Helly / post-chromed / Metzner, showing mitochondria. Lipi/ 
globules are also stained by acid fuchsine. 


Fic. 3. Purkinje cell (pigeon), prepared by Golgi’s arsenious acid / silver nitrate method, ani 
stained in basic fuchsine after desilvering to show basiphil (Nissl) substance. Note crescentii 
spaces in contact with the basiphil substance. 


There is some evidence that the mitochondria are blackened by osmiumt 
In neurones processed by the technique of Baker (19575) after fixation in 
Mann’s fluid with acetic acid or in Hermann’s fluid, small rod-like structure: 
are seen, resembling the mitochondria of Helly and NH,-Altmann preparations: 

In acid haematein preparations also, one comes across feebly coloure¢ 
thread-like bodies, which can be just seen against the yellowish background 
of the cytoplasm. 

Nissl preparations. 'Vhe basiphil material of the neurones is seen in twé 
forms. One of these consists of large, diffused lumps of varying sizes, dis: 
persed throughout the cytoplasm. These correspond to what are commonly 
described as Nissl bodies. The other is represented by basiphil strandss 
which connect the Nissl bodies with one another (figs. 3; 4, E). Some of thess 
strands are extremely fine. They are sometimes closely applied against tha 
Nissl bodies and the latter, in such cases, appear to be sharply demarcatec 
from the cytoplasm, on the side on which the strand is applied. These strand! 
are also seen associated in the form of loops with the Nissl bodies. In fact, the 
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Fic. 4. a, Purkinje cell from barn-owl (Strix flammea) showing ‘appareil réticulaire interne’ 
of Golgi; reproduced from Golgi (18982). B, Purkinje cell from rabbit, showing basiphil reti- 
culum; reproduced from Dolley (1913). ©, d.r.g. cell from rat, prepared by Mann-Kopsch 
method, showing black ‘Golgi filaments’ and greyish ‘Nissl bodies’; reproduced from Beams 
(1931), by courtesy of Professor H. W. Beams. D, Purkinje cell from pigeon, showing Golgi 
apparatus made by Aoyama method. E, Purkinje cell from pigeon ; Mann’s with acetic acid 
and cresyl violet, showing basiphil material. F, sympathetic ganglion cell from rabbit; Mann— 
Kopsch, showing massive blackened bodies at the periphery of the cell. G, sympathetic gang- 
lion cell from rabbit; Mann’s with acetic acid and cresyl violet. Note massive Nissl bodies 
at the periphery of cell. 
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Aoyama method (fig. 5, B). F, d.r.g. cell from pigeon; 
of the Golgi apparatus after 6 days of osmication. 
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siphil strands seem to exist in the form of a three-dimensional reticulum, 
sociated with the Nissl bodies. Dispersed in this reticulum one often sees 
escentic or rounded spaces either within the Nissl bodies or in association 
ith the basiphil strands (fig. 5, a). 

In suitable sections of material fixed in Helly (with post-chroming), stained 

acid fuchsine, and differentiated in toluidine blue, mitochondria and 
siphil reticulum can sometimes be seen side by side in the same cell. 

When sections have been extracted with ribonuclease or trichloroacetic 
id, it is no longer possible to colour either the Nissl bodies (in the narrower 
nse) or the basiphil strands with basic dyes. Moreover, a bleb of fresh 
g albumin, which does not contain any nucleoprotein, was treated exactly 
the manner Nissl preparations were made and it was found that the 
‘¢ albumin had hardly been stained in the time given for staining Nissl 
ibstance. 

A note on terminology is necessary. The Nissl complex (Nissl bodies and 
asiphil strands) consists of endoplasmic reticulum, with ‘small granules’ of 
alade (19552) scattered on its surfaces (Palay and Palade, 1955; Palay, 1956). 
asic dyes presumably react only with the ribonucleoprotein of the scattered 
‘anules. Nevertheless, the terms Nissl bodies and basiphil strands are used 
roughout this paper to mean the whole of these objects, not their basiphil 
ymponent only. 

Golgi preparations. ‘The term ‘Golgi apparatus’ has been used throughout 
lis paper to denote the black or grey network seen in silver or osmium 
reparations made by any of the classical ‘Golgi’ techniques. 

‘Small dark granules are seen in the cytoplasm in Golgi preparations (fig. 
-D, E). Sometimes they show a dark cortex and colourless medulla. These are 
resumably the lipid globules. Small rod-like bodies are also sometimes seen 
| osmicated Golgi preparations. These are presumably mitochondria. 

Golgi preparations of the Purkinje cells made by the Mann—Kopsch 
ethod (4 days’ osmication) show long, curved or straight filaments dispersed 
1 the cytoplasm. Similar structures are seen in these preparations of the 
r.g. cells (fig. 5, E) especially near the periphery of the sections (6 days’ 
smication). Some of these are seen to form a rim partly encircling clear 
ynalicular spaces. The canal may be as long as the filament, or shorter. 
ome characteristic structures are seen in the d.r.g. cells, especially in the 
eurones lying in the more central part of the section. These are mostly 
-escentic (rarely rounded), sharply demarcated structures. The edge of these 
10ws great affinity for osmium, and the latter is generally deposited on one 
de only, rarely on both sides (fig. 5, c, D). When it is on one side only, these 
ructures show a superficial resemblance to the dictyosomes of neurones 
f invertebrates (Dornesco and Busnitza, 1935; Pollister, 1939). These are 
lentical with those seen when osmicated whole cells are examined by phase- 
yntrast microscopy (p. 345). In these cells one also sees a few canalicular 
yaces, which show a deposit of osmium just beginning to be formed on the 
ige, and others with no such deposit (fig. 5, C, D, E). 
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In Mann-Kopsch preparations osmicated for slightly longer periods (7 da 
many of the d.r.g. cells show, besides the structures described, massive bodi 
dispersed throughout the cytoplasm. All these structures seem to be connect 
into one net-like structure (fig. 5, F). Some of the dark, massive, irregul 
bodies show blackened filaments closely applied to them. Rounded « 
elongated swellings, hollowed out internally, are seen dispersed in this n 
like system. In the Purkinje cells prepared by the same technique (4 da 
osmication) blackened filaments predominate, and form a meshwork, | 
which dark swellings are rarely seen. The picture seen in both types | 
neurones resembles the classical Golgi apparatus. | 

All the structures described in the d.r.g. cells in Mann—Kopsch prepar: 
tions can be clearly seen in neurones fixed in Mann’s fluid with acetic acid an 
post-osmicated for 4 days. Massive bodies are often seen, with crescentic ( 
rounded canalicular spaces inside. As one focuses up and down, one cz 
sometimes see that a canalicular space lies up against a Nissl body, whi 
may, indeed, enclose it. | 

In Aoyama preparations, one generally sees long filaments forming a mesh 
work (fig. 5, B). Crescentic canalicular spaces with argentophil rim are som; 
times present; but they are distorted and difficult to see against the whitis| 
background of these preparations. These preparations show a few varicositi| 
interposed in the filamentous Golgi net (fig. 4, D). They are either hom 
geneously dark or show a hollow interior. But massive bodies of the type see 
in osmium preparations are lacking in Aoyama preparations. The filamento 
Golgi net seen in Aoyama preparations therefore contrasts with that observe 
in Osmium preparations, in which bulky, irregular structures are interpose 
among the filaments. Some of the Golgi filaments may be as long as 1oy, i. 
more than twice the length of the mitochondria. 

I have failed to get any consistent results with the silvering methods usé 

conalicular spaces by Golgi himself. I have, however, come across tl 
structures illustrated in fig. 6 in a Purkinje cell pri 

pared by Golgi’s dichromate-osmium method. Th 

figure shows a massive, pale orange body (presumab¢ 

a Nissl body) in association with a long greyish threz 

Nis body Golgi threod and clear crescentic spaces, resembling those seen | 

10 osmium preparations of the d.r.g. cells. 

Fic. 6. Froma Purkinje cell In the Purkinje cells the Golgi filaments are se¢ 
a prepared by extending into the axons, as recently described t 
re el Ho eing eee Gatenby and others (1949, 1953). This is contra} 
ciation of canalicular spaces, tO the prevailing opinion (Pappenheimer, 1914 
Golgi thread, and a massive Penfield, 1920; Beams and others, 1952; Singe 
body ae a Nissl_ 1954). Golgi (1898a) himself does not seem to ha’ 
made any reference to the internal reticular apparati 
in the cell processes, but his figure (reproduced here in fig. 4, a) does indic 


the continuation of the reticular apparatus into a cell process, which | 
probably a dendrite. 
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In sections of the dorsal root ganglion processed by Mann—Kopsch or 
aker’s (19575) post-osmication method after fixation in Mann’s fluid with 
etic acid, Golgi pictures confined to one half of the cell are frequently seen. 
he cause is presumably uneven penetration of osmium. Such cells are of 
mmon occurrence near the periphery of the sections. If such preparations 
e studied after staining in basic fuchsine or in pyronine / methyl green, the 
olgi apparatus is seen in one half of the cell and the basiphil material in the 
her half. Careful study of such neurones reveals that the Golgi filaments in 
e part of the cell can sometimes be followed into basiphil strands in the other 
lf. Moreover, in some of these cells the large dark masses look identical 
ith the basiphil masses (Nissl bodies) in the other half. But in those cells 
hich showed almost complete impregnation with osmium, neither the Nissl 
dies nor the basiphil strands could be demonstrated by the use of basic dyes. 
In silver preparations stained in basic fuchsine or pyronine / methyl green, 
e Nissl bodies are generally dispersed in the cytoplasm amongst the Golgi 
aments, but the basiphil strands cannot generally be observed in such cells. 
he silvered Golgi filaments could in a few instances be seen to be associated 
th the Nissl bodies. 
If osmication or silvering happens to be scanty in any particular cell, the 
ttern of the Golgi picture overlaps the underlying pattern of the basiphil 
aterial, and sometimes grains of osmium or silver can be seen along the 
igth of the basiphil strands. 
Silver preparations can easily be stained after toning in gold chloride. With 
mium preparations, staining could only be applied to those neurones in 
uich the ground cytoplasm had not turned dark, because any attempt to 
each these preparations tended to remove osmium from the cytoplasmic 
clusions. 
Unstained sections studied by phase-contrast and interference microscopy. 
surones fixed in Golgi fixatives but not osmicated nor silvered (or else 
sached after osmication or silvering) were examined in sections by phase- 
ntrast microscopy. The intention was to determine whether any reticulate 
other structure, corresponding to the Golgi apparatus, could be seen. 
metimes long filaments were seen, often associated with large masses, 
sembling the Nissl bodies of routine preparations. These filaments are too 
1g to be mitochondria. Since most of the Golgi fixatives contain coagulants 
proteins, it was thought that these filaments might be coagulated cyto- 
ismic proteins. However, the evidence does not support this view. Struc- 
‘es resembling them could be seen in neurones fixed with a non-coagulant 
ative (Golgi’s dichromate-osmium) and stained in basic fuchsine. Moreover, 
en sections have been treated with ribonuclease, these bodies can no longer 
stained with basic dyes. 
The constant appearance in fixed preparations of characteristic canalicular 
aces led to the study of unstained sections by interference microscopy. 
ese spaces were so sharply demarcated in Golgi preparations that it was 
Hicult to believe that they were mere cracks caused by the shrinkage of the 
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cytoplasm, with deposition of osmium or silver on the surface of the crac 
But for some time there was no other satisfactory explanation for them. Sint 
they were visible by phase-contrast in whole cells that had been put we 
into osmium tetroxide solution, but could not be seen in unstained, livi 
fresh neurones, it was assumed that they were the result of the action 
fixatives. They were also seen in the tissue that had been embedded in gelati : 


strands eg, ogainst 
Niss/ bods 


es (stippled) 


nucleus 
xX 
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Spaces 
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Fic. 7. D.r.g. cell from pigeon fixed in NH,-Altmann and cut by em- 
bedding in colloidin; studied unstained by interference microscopy, 
showing a reticulum consisting of large, irregular, massive bodies (presum- 
ably ‘Nissl bodies’) and thread-like strands joining Nissl bodies. Sometimes 
the strands are seen lying against the Nissl bodies (stippled to show this 
relation). Crescentic spaces are also seen both in contact with the Nissl 
bodies and the strands. 


Later, when these canalicular spaces were seen in osmium preparatiox 
within bodies resembling Nissl masses, it seemed likely that they were produc 
by the contraction of the Nissl bodies away from the ground cytoplasm or / 
the retraction of the latter from the Nissl bodies, during the process of fixatia: 
It was thought probable that if the tissue were fixed in a fluid which wou 
preserve the cell inclusions in their living state, and sections were cut af 
embedding in collodion, these spaces would probably not be seen in t 
finished sections, unless they existed in life. Material was therefore fixed | 
Altmann and NH,-Altmann, and embedded in collodion. By phase-contra 
microscopy it was found that the canalicular spaces were seen even mé 
clearly than before. Under the interference microscope, it was seen that tha 
spaces were associated with a system in the cytoplasm which could not | 
made discernible in the living neurones by phase-contrast. This system! 
formed by two structures which seem to be closely associated with one anotht 
It consists of large, irregular, ill-defined bodies, which resemble, in all detai 
the Nissl bodies of routine fixed preparations. These were seen to be connect! 
with one another by strands of similar material (fig. 7). Some of these strar 
are extremely fine. Careful study of suitable sections reveals that these t' 
structures constitute a reticulate system in these neurones. 
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3. 8. All these photomicrographs have been taken to show that the Golgi pictures can be 
roduced in the same cell by staining in basic dyes after bleaching. a, d.r.g. cell from pigeon; 
inn—Kopsch. B, same cell as in A, stained in basic fuchsine after bleaching. Compare @ 
1 a, b and b, and so on in the two figures. Cc, d.r.g. cell from mouse; osmicated after 
maldehyde-calcium. D, same as in C, stained in cresyl violet after bleaching. Compare a 
1a,b and b, and so on in the two figures. Arrow indicates a space in association with a 
ssive body in both c and D. £, anterior mesenteric ganglion cell from rabbit, Da Fano. 
ame cell as in E, stained in basic fuchsine after bleaching. Compare a and a and b and b. 
Nissl bodies are seen at the periphery of the cell. 
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Golgi preparations dyed after bleaching. ‘The filamentous form of the Go} 
apparatus, which is particularly well seen in silver preparations, makes ot 
inclined to believe that an excess of silver or osmium was deposited on ti 
mitochondria and joined them up into a network. I have repeatedly tried 
reproduce the Golgi appearances by one of the standard mitochondr; 
methods after removing silver or osmium, but always failed. I have also fail 
to colour with Sudan black or Sudan IV any part of the Golgi apparatus 
paraffin or gelatine sections, either before or after bleaching. 

When it was revealed by interference microscopy that the canalicular space 
described as the ‘Golgi apparatus’ by Gaten) 
and others, were associated with the basip) 
strands and the Nissl bodies, experiments we 
devised to determine whether the basip) 
material could be demonstrated after Go) 
methods had been applied. There were om 
two ways in which such experiments could 

_,. performed. The first was to try to demonstrg 
non-basiphil 3 2 i : 3 
filaments the basiphil material in the neurones while ti 
osmium or silver was intact. If this had su 
ceeded, it would have proved that the basip> 
Fic. 9. Purkinje cell front pigeon; material and the Golgi apparatus) wena 
fixed in Hermann (followed by dependent of each other. When it was fou 
post-osmication) and stained in that this could not be done, the only alternatil 
basic fuchsine after bleaching; ; | 
showing non-basiphil extension €XPeriment was to see what was coloured 
into the axon of the basiphil com- basic dyes after osmium or silver had been 1 
plex. moved from the sections. These experiment 
indeed produced conclusive evidence in favour of the hypothesis that ti 
Golgi apparatus of the neurones of vertebrates was nothing else than a depoo 
of osmium or silver on the basiphil material, the latter forming a scaffoldii 
for Golgi impregnation. 

The results of these experiments are shown by the photomicrograpll 
Fig. 8, a shows the Golgi apparatus in a d.r.g. cell of the pigeon in a Mana 
Kopsch preparation. Fig. 8, B shows the same cell stained in basic fuchsili 
after the osmium had been removed. In such cells the Golgi apparatus loot 
so like the basiphil material of its cells that it can scarcely be doubted that of 
structure is being revealed by two different methods. 

It Is instructive to bleach a Golgi preparation that shows the apparati 
extending into the axon, and then to stain it with a basic dye. It is th) 
observed that the strands which extend into the axon are not coloured © 
the dye. In this respect they differ from the rest of the Golgi apparatu 
Nevertheless, careful examination reveals the presence of these unstain) 
extensions in the form of narrow threads, parallel to the axon (fig. g). The 
seem to be some small spaces associated with these non-basiphil threads, be 
it is very difficult to be certain about this. 


Neurones impregnated with silver are not very suitable for bleaching expe* 
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rents. When the deposit of silver is removed, the strand has a somewhat 
ifferent appearance, and it is not easy to be certain which strand is which. 
f silver darkened the massive Nissl bodies, as osmium does, it would have 
een easier to correlate the stained with the silvered preparation. Moreover, 
© one uses the fixatives of Aoyama or Da Fano for the demonstration of 
asiphil material, because they do not leave the tissue so readily stainable 
s do fixatives containing mercuric chloride. Beyond this, they are coagulant- 
xatives that distort the ground cytoplasm in coagulating it. 

Silvering or osmication of the basiphil strands and the Nissl bodies masks 
ompletely or partially the canalicular spaces enclosed in the basiphil reticu- 
am. It is not uncommon, however, to find varicosities in the Golgi apparatus 
yhich are due to silver or osmium covering these spaces. This is proved when 
ilver or osmium is removed and the real structure is made discernible by 
taining in a basic dye. So in a way it can be stated that the ‘wall’ of the 
analicular spaces is argentophil and osmiophil, but not sudanophil. 


Veurones of mammals and other vertebrates 


General remarks. When it was found in the neurones of the pigeon that 

here was close relationship in the distribution of the basiphil material and of 
he Golgi apparatus, it was considered desirable to make a wide survey of the 
leurones of vertebrates. It was hoped to come across cells with a characteristic 
lisposition of the basiphil material and then to find out the distribution of the 
x0lgi apparatus in the same kinds of cells. 
_ Neurones of the mouse. 'The d.r.g. cells of the mouse were selected for the 
tudy of fresh tissue by interference and phase-contrast microscopy. These 
ells are much easier to examine in the living condition than are those of the 
igeon, because in the mouse the ganglia are smaller and easier to tease finely. 
Jnder phase-contrast, the most obvious inclusions are dark globules of various 
izes (almost certainly lipid droplets). In addition one sees in the cytoplasm 
rescentic spaces of low contrast. These spaces have remarkably smooth and 
harply defined limits. 

Under the interference microscope these crescentic spaces are not so sharply 
lemarcated, but they are seen to be associated with other bodies that are not 
learly visible by phase-contrast (presumably because their boundaries are 
ot sufficiently sharp to cause much diffraction of light). These bodies, which 
re of irregular shape and varying size, are dispersed throughout the cyto- 
asm. They look like Nissl bodies. Careful study reveals that they are con- 
ected with one another by fine strands, forming a reticulate system. The 
rescentic spaces mentioned above are associated both with the fine strands 
nd also with the irregular bodies. It is, therefore, possible to visualize in the 
iving neurones a reticulate element consisting of (i) irregular, massive, 
tructures (presumably Nissl bodies), connected with one another by (ii) 
trands, which are sometimes extremely thin, and (iii) crescentic spaces 
lisposed along the course of this reticulum (see fig. 12, p. 359). 

Under the interference microscope it has not been possible to see any 
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minute structural details in the irregular bodies, which will hereafter be call 
Nissl bodies. Indeed, the numerous refractile globules, present in the cyt 
plasm of the living neurones, obscure a clear view of the Nissl bodies. T 
latter show almost the same interference colour as the strands connecti 
them; the colour suggests a higher refractive index than that of the grou 
cytoplasm. Since the strands are much thinner than the Nissl bodies, th 
must have a higher refractive index than the Nissl bodies. The strands do n 
seem to be perfectly smooth. They show a roughness of contour that might li 
due to the presence of minute granules in or on them, but it is difficult to H 
absolutely certain about this. 

The basiphil material of the d.r.g. cells of the mouse shows in fixed pre 
parations essentially the same pattern as in the d.r.g. cells of the pigeon. TH 
Nissl bodies are generally smaller than in the neurones of the pigeon. ] 
correspondence with the distribution of the basiphil material, the Gol; 
apparatus is also dispersed throughout the cytoplasm. | 

Golgi preparations were made by fixation in formaldehyde-calcium ¢ 
Altmann, and with post-osmication, and also by Aoyama’s method. Th 
osmicated preparations were subjected to the same deosmication experimen} 
as the neurones of the pigeon; they were subsequently studied after staini 
in cresyl violet according to the technique of Fernstrom (p. 343). The resul 
of these experiments are indicated in figs. 8, c, D; 10, A, B. In fig. 8, c a clez 
elongate space is seen associated with a black mass at 2 o’clock. After bleachin 
and then staining in cresyl violet the same space is seen in association wit 
what is now proved to be Nissl body. 

The spinal cord was another source of neurones of the mouse for thi 
investigation. In some of the ventral horn cells the basiphil complement we 
seen to be concentrated round the nucleus in some cells and to extend in tH 
form of a cone into the dendrites. When Golgi preparations were made 
the method of Aoyama, the Golgi apparatus was found to have a striking} 
similar disposition, 

Neurones of the rabbit. The sympathetic neurones of the rabbit provic 
another example of correspondence between basiphil material and Gol; 
apparatus. In these cells the massive Nissl bodies are generally confined to th 
periphery of the cell (fig. 4, G), as described by Eve (1896), Carpenter a 
Conel (1914), and Kuntz (1928). These basiphil masses are connected 
strands of similar material which are dispersed throughout the cytoplasm 
Elongate, canalicular spaces are sometimes associated with the strands ani 
with the Nissl bodies. These spaces are generally longer and thinner than i 
the d.r.g. cells of the pigeon. 

If the corresponding neurones are studied in silver preparations, it is foun: 
that the Golgi apparatus, which is mostly made up of filaments (fig. 8, E), 
confined to the region of what Casselman and Baker (1955) call the ‘enda 
plasm’. In osmium preparations also the Golgi apparatus is mostly filamento 
in the ‘endoplasm’, and this corresponds with the lack of massive Nissl bodid 
in this region. But large dark greyish bodies are also seen at the periphery « 
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Ss. 10. These figures have been made to show that the Golgi pictures can be reproduced in 

» same cell by staining in basic dyes after bleaching. a, d.r.g. cell from mouse; Altmann 

lowed by post-osmication; showing Golgi apparatus round the nucleus. B, same cell as in 

stained in cresyl violet after bleaching. Compare with a. Cc, spinal cord neurone from 

g; Aoyama; slightly tinged with basic fuchsine. D, same cell as in C; stained in cresyl violet 

er bleaching. A comparison of c with p would show that some of the swellings in c are due 
to deposition of silver on canalicular spaces, as at a and b. 


121.3 Bb 


358 Malhotra—‘Golgi’ in Neurones of Vertebrates 


the cell in the ‘ectoplasm’ of Casselman and Baker (1955), as seen in fig. 4, ° 
As was mentioned earlier in the account of the neurones of the pigeon, tH 
filamentous part of the Golgi apparatus has a greater afhnity for silver ant 
osmium than the large, bulbous swellings which are usually later incorporate 
into the Golgi apparatus. In the sympathetic neurones of the rabbit the Pai 
pheral swellings begin to darken after the tissue has been in osmium tetrox1 ' 


dendrite 


Losiphil threads 


dendrites 10 pe \ 


Fic. 11. Spinal cord neurones from frog, showing basiphil material in 
dendrite (a, Helly / basic fuchsine) and similar distribution of the Golgi 
apparatus in the cell processes (8B, Aoyama). 


solution for about 4 days at 34° C (after fixation in Mann’s fluid). O: 
therefore often sees black Golgi filaments in the ‘endoplasm’ and large dai 
greyish bodies in the ‘ectoplasm’ (fig. 4, F). Often the Golgi filaments can | 
seen passing from one zone into the other. In suitable preparations the blac 
ened filaments are seen to form a sort of ‘wall’ to the canalicular spaces. 
Desilvering experiments were performed on Da Fano preparations of t 
anterior mesenteric ganglion cells. As was pointed out, silver preparations a 
not very suitable for this purpose. Nevertheless, there is a general similari 


Mathotra—‘Golgi’ in Neurones of Vertebrates 359 


tween the arrangement of the Golgi apparatus and of the basiphil material 
en in the same cell after desilvering and then staining (fig. 8, E, F) 
Neurones of the frog. Another instance of a peculiar distribution of the basi- 
il material is met with in the spinal cord of the frog. In some of the ventral 
mn cells the basiphil substance extends into the cell processes in the form 
long strands placed along the length of the dendrites (fig. 11, A). Silver 
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Fic. 12. Diagrammatic representation of neurone of vertebrates showing 

the arrangement of cytoplasmic inclusions in life. Nissl bodies have been 

stippled to illustrate their association with basiphil strands. Mitochondria 

not shown in the axon. 
eparations also revealed similar Golgi filaments in the cell processes (fig. 
, B). Elongated spaces are seen in association with the basiphil strands and 
0 with the Golgi filaments (fig. 11, A, B). 
The results of desilvering experiments and subsequent staining by a basic 
e are illustrated in fig. 10, c, D. Comparison of the two figures shows 
4t some of the canalicular spaces seen after desilvering and then staining 
: covered by silver and these spaces show basiphil material associated with 
sm which is argentophil. 
DISCUSSION 

The conclusions that follow from the results recorded above are these. 
t. There exists in the neurones of vertebrates a three-dimensional reti- 
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culum, corresponding to the classical Golgi apparatus. The reticulum can 
seen in living neurones by interference microscopy. 

2. This reticulum consists of (a) irregular basiphil masses, (6) thin basip 
strands, and (c) non-basiphil strands, which only occur in or near the axo 
There are also (d) crescentic (or sometimes elongate) spaces in close associ 
tion with the basiphil material (that is to say, with (a) and (6)). These spac 
also seem to occur in relationship with the non-basiphil strands (fig. 12). 

3. The irregular basiphil masses are the Nissl bodies. 

4. The irregular basiphil masses and the two kinds of strands correspo 
with the endoplasmic reticulum of the electron-microscopists. 

The contention, that the large Nissl bodies seen in the neurones of vert 
brates after routine fixation and staining are the result of the action of fixin 
fluids upon amore dispersed substance in life, is based on the fact that th 
have not usually been seen in the living cell, even by phase-contrast micr} 
scopy (Malhotra, 19574, 1958). Though Nissl bodies of the type seen afti 
fixation cannot be visualized in the living cell by phase-contrast, there ai 
reasons for believing that they exist as performed bodies in life, and they c: 
be seen in freshly teased neurones by interference microscopy. This is 
conformity with the conclusions of Palay and Palade (1955) and Palay (1956 
who state that the electron microscope image of the Nissl bodies should © 
taken as an approximation of the situation in life. Weimann (1925), Bensll 
and Gersh (1933), Beams and King (1935), Beams and others (1952), Yamat 
(1953), Palay and Wissig (1953), Deitch and Murray (1956), and Deitch 
Moses (1957) all believe in the pre-existence of the Nissl bodies in life. Pea 
and Baker (1951) and Hartmann (1953) concluded that the Nissl bodies se 
in their electron micrographs were gross fixation artifacts. This is 
supported by my observations; nor is the conclusion of Koenig and Feldm 
(1954), based on observations by ultra-violet microscopy, that the ribonucle 
protein of neurones is uniformly distributed in the cytoplasm. | 

It is commonly believed that the Nissl bodies are actually separate (Baild 
1953; Maximov and Bloom, 1957). Nevertheless, the basiphil substance : 
the neurones of vertebrates has been observed to form a continuous thré 
dimensional system in the cell body. It consists of large Nissl bodies connectt 
with one another by strands, which seem to be made of similar material, 
to have a higher refractive index. 

The presence of basiphil material forming a continuous net-like system 
the neurones of vertebrates has been reported from time to time in the p 
but it does not seem to have made any permanent impression. As far backi 
1892 Vas described a network of chromatic substance in the cytoplasm of t 
sympathetic neurones of mammals. Later Sheinin (1932), who studied t 
effect of fixatives on the form and distribution of the basiphil material, stat) 
that this substance had a variable appearance. He recorded ‘irregular | 
elongated granules with branching processes which anastomosed and gave t 
basiphil substance the appearance of a coarse or fine network’. Similar’ 
Bensley and Gersh (1933) reported that the Nissl bodies were ‘often not 4 
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ely discontinuous with one another, the adjacent ones being connected by 
in strands of similar material’. Dolley’s (1913) illustration of the normal 
irkinje cells of the rabbit (reproduced as fig. 4, B in the present paper) also 
dicates the presence of thin strands, connecting the Nissl bodies and forming 
network, The recent studies of Palay and Palade (1955) and of Palay (1956) 
ith the electron microscope also indicate this, as is clear from Palay’s state- 
ent that the Nissl bodies are actually continuous with one another through 
rands of the same material and form a coarse meshwork. 

The interference microscope has seldom, if ever, been used previously in 
e study of living neurones of vertebrates. This is probably the reason why 
) many authors have denied the existence of any network in the living 
toplasm of these cells (see p. 340 for references), 

It is not possible to say whether Adamstone and Taylor (1953) saw any 
rt of the Nissl-Golgi system in their studies of living neurones of the rat. 

will be remembered that they used simple (direct) microscopy, not phase- 
mntrast or interference. Their photomicrographs do not resemble what I have 
en. I have never observed the movements within the cell described by these 
ithors. 

Interference microscopy has confirmed the existence of another component 
-association with this reticulum formed by the Nissl bodies and the connect- 
g strands, namely the canalicular spaces. These are the only structures of 
ie Nissl-Golgi system that are distinctly visible by phase-contrast micro- 
opy. In my earlier work I did not see them (19574, 1958). 

It seems probable that the canalicular Golgi apparatus reported by Gatenby 
id his associates (Gatenby, 1953, 1954; Gatenby and Moussa, 1949, 1950; 
[oussa, 1952, 1956; Moussa and Banhawy, 1954) corresponds to the spaces 
at I have seen by phase-contrast and interference microscopy. 

Adamstone (1952) also described a similar canalicular Golgi reticulum in 
e neurones of the pig, but he interpreted the argentophil material as mito- 
.ondrial in nature. Cowdry (1913) also observed similar canal-like structures 
neurones of the pigeon. These canals were blackened by the Mann-Kopsch 
ethod. 

Penfield (1920) described the Golgi apparatus in fixed preparations as an 
tenuated reticulum with many varicosities or lacunae, which may frequently 
ypear empty in silver preparations. Similar varicosities are also seen in 
olgi’s (18982) figure depicting the ‘appareil réticulaire interne’ in the Pur- 
nje cells of the cerebellum (fig. 4, A). 

Apart from the lipid globules, the basiphil strands are the only structures in 
e neurones of vertebrates that are readily darkened by both osmium and 
ver. It seems certain that the basiphil strands have a greater affinity for 
mium and especially silver than the Nissl bodies; and, therefore, the Golgi 
ctures of the neurones of vertebrates are generally filamentous in silvered or 
shtly osmicated preparations. After longer osmication (about 5 to 7 days after 
cation in Mann’s fluid), massive bodies appear. These are mostly due to 
ackening of the Nissl bodies, which are known to consist of concentrations 
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of the endoplasmic reticulum with its associated basiphil granules (Palay an’ 
Palade, 1955; Palay, 1956). Some of them, however, represent the canalicule 
spaces, which become covered with a deposit of osmium. In silver prepar 
tions the Golgi apparatus is usually filamentous; and it seems that the silv 
salt is not reduced by the Nissl bodies. This is clearly demonstrated in t 
sympathetic neurones of the rabbit. In these cells the Golgi apparatus | 
generally filamentous after silver methods, corresponding with the abundan 
of the basiphil strands in the ‘endoplasm’ (p. 356). . 

A comparison of Golgi’s (1898a) illustration, showing his apparatus in t 
Purkinje cells of the cerebellum of the barn-owl (fig. 4, a), with figs. 3 and 4,, 
in the text, shows that his ‘appareil réticulaire interne’ is in fact a deposit ¢ 
silver on the basiphil strands and the Nissl bodies. The latter seem to hav 
been darkened by silver in this case. The dichromate-osmium / silver nitrat 
method used by Golgi for this investigation has not given me any constat 
results with the neurones of the pigeon. Later Golgi (1908) himself evidentl 
realized that this technique was unreliable. In the dorsal root ganglion cell 
of the cat, also investigated by Golgi (18980), the Golgi apparatus, which is i 
most places filamentous, seems to have been produced mainly by the silverini 
of the basiphil strands. Bulbous swellings of the type illustrated in t 
Purkinje cells of the barn-owl are not seen in the figures of the cz 
neurones. 

It was Legendre (1910) who first pointed out the striking similarity, in th 
neurones of vertebrates, between the distribution of the Golgi apparatus, o 
one hand, and of the basiphil material, on the other. He considered that t 
Golgi apparatus was produced by the deposition of silver on the Nissl bodie 
This important work of Legendre has been ignored and his suggestions hay 
never been sufficiently considered. This is probably because the _basiphi 
material and the Golgi apparatus have been dealt with by two different group 
of research workers. The Golgi workers were not interested in the basipht 
substance, while the neurologists, who mostly studied the basiphil materi 
were not much interested in the Golgi apparatus. : 

Legendre stimulated nerves by electric shock, and obtained similar alter 
tions in the Golgi apparatus and Nissl bodies. In transplanted ganglia 
noticed the disappearance of the Golgi apparatus and of the basiphil sul 
stance at the same rate. It is also known that in the chromatolysis resulti 
from direct injury, the Golgi apparatus and the basiphil granulations beha 
somewhat similarly: both move out to the periphery of the cell and sometime 
disappear (Penfield, 1920). | 

Ramon y Cajal (1914) and Brambell (1923) agreed with Legendre that ther 
was a similarity in the distribution of these two structures. Ramon y Cajal wai 
reluctant to accept Legendre’s conclusions on the plea that the Nissl bodia 
were not known to occur in non-nervous cells. / 

Collin and Lucien (1909) seem to be the only authors who have seriousl} 
challenged Legendre’s findings, but their criticism is faulty. They give | 
figure of a cell of the cavy that has been silvered and stained with a basic dy« 
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he figure shows a silvered network in the endoplasm and dyed Nissl bodies 
the periphery of the cell. They call the silvered network the Golgi apparatus, 
id distinguish between this and the Nissl bodies. However, in the text they 
y that the Nissl bodies in such cells extend throughout the cytoplasm. It 
ould appear that in fact the basiphil strands and Nissl bodies of the endo- 
lasm have been blackened by silver, and this has prevented their being 
ained by the basic dye. 

Beams (1931) has also given a figure of the d.r.g. cell of the rat prepared by 
¢ Mann—Kopsch method. This figure shows black filaments and greyish 
iss] bodies (fig. 4, c). It seems that this cell has been lightly osmicated; and 
eams has rightly interpreted the blackened threads as the Golgi apparatus. 
e did not realize, however, that they were basiphil and connected with the 
iss] bodies. 

It seems certain that silver or osmium is deposited in Golgi preparations on 
e endoplasmic reticulum itself, not on the ‘small particles’ of Palade (19552), 
hich are usually associated with it. This follows from the fact that there are 
tain regions in the neurones, especially the axon, from which the basiphil 
aterial is absent, but the Golgi apparatus extends into these processes in the 
rm of narrow filaments (Gatenby and others, 1949, 1953). Recent studies 
ith the electron microscope have shown that the endoplasmic reticulum is 
tinued into the axon, but is here devoid of small particles of Palade (‘Thorn- 
irg, 1954; Palay, 1956). This is consistent with the fact that the threads that 
iter the axon are not basiphil. It must, therefore, be inferred that the Golgi 
yparatus in its classical site, the neurones of vertebrates, is produced by the 
sposition of osmium or silver on the endoplasmic reticulum. 

The ultra-centrifuge may throw the small particles of Palade to one pole 
ithout causing any significant movement of the Golgi apparatus. ‘The 
ticulate structure of the latter makes it difficult to shift, as Brown (1936) 
alized. In a similar way, nerve stimulation may introduce different changes 
the appearance of the Golgi apparatus and of the basiphil substance. 

It has not been possible to find in the living neurones, by interference 
icroscopy, any cytoplasmic component that might correspond with the 
granular reticulum’ of Palay and Palade (1955) and Palay (1956). The strands 
hich are connected with the Nissl bodies cannot be the same as the agranular 
ticulum of these authors, because these are basiphil. In the axon, however, 
ese strands may be described as agranular, and this is in agreement with the 
sence of basiphil substance in this region. Palade (19555) and Palay (1958) 
ate that the agranular reticulum is continuous with the endoplasmic 
ticulum, and the two thus constitute one system. 

The absence of a reticular Golgi apparatus in the neurones of invertebrates 
ay be correlated with the absence of distinct Nissl bodies and basiphil 
rands (Young 1932; Beams and King, 1932). In conformity with this the 
idence suggests that there is no aggregation of the endoplasmic reticulum 
to lumps in the neurones of invertebrates (De Robertis and Bennett, 19 54): 
The endoplasmic reticulum is by no means always blackened in Golgi 
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preparations. Even in its massive form (‘ergastoplasm’) in the base of t 
exocrine cell of the pancreas, it does not reduce silver salts or osmiun 
tetroxide, which in this case are reduced on another part of the cell. There ig 
however, a case that is parallel to the neurones of vertebrates. Bennett (1956 
and Porter (1956) have described in electron micrographs of striated muscle 
a system of vesicles and tubules linked together to form lace-like sleeve 
round the myofibrils. They homologize this system with the endoplasmi 
reticulum of other cells. They compare this with the reticulum recorded bj 
earlier workers with the light microscope after silver and gold impregnatio 
In 1888 Ramon y Cajal clearly described it in fixed and in living tissue of t 
muscle of insects. Thin (1874) probably also saw it. Fusari (1895) certainl 
observed it in the striated muscle-fibres of insects and vertebrates, and it ha 
often been called the Cajal—-Fusari net. Later, when it was concluded tha 
these nets were the representative of the Golgi apparatus in the muscle cell 
(see Bowen, 1926; Ramon y Cajal, 1933), Ramon y Cajal claimed that he hap 
in fact discovered the Golgi apparatus long before Golgi. 

Schlottke (1931), in his studies of the cytology of Hydra, maintained that thi 
reduction products of osmium tetroxide were deposited indiscriminately of 
essentially different objects in different kinds of cells. MacLennan (1941 
found that in Protozoa the term Golgi body included a heterogeneous grou 
of structures, and that the retention of the term Golgi body was merely 
convenience to bridge the change from reliance on the non-specific osmiurl 
techniques to reliance upon cytochemical and physiological criteria. Hibbari 
(1945) also stated that more than one category of inclusions were blackened bi 
Golgi techniques and described under the name of Golgi apparatus. Sind 
1950 Baker (1950, 19530, 1957a) has been urging that the use of the tert 
Golgi apparatus should be given up, because objects which are essentialll 
different in different kinds of cells are being grouped under this name. Natt 
(1957) and I (1957a, 1958) have also recently adopted this view. / 

The reticulum described in the present paper is obviously not homologou 
with the bodies commonly called dictyosomes or Golgi apparatus in t 1 
neurones of many invertebrates (Moussa, 1950; Lacy and Rogers, 19566 
They do not resemble the Nissl—Golgi system either at the light microscopy 
level or in their ultrastructure. The dictyosomes are lipid droplets (Shafia 
1953, 1954; Chou, 1957; Chou and Meek, 1958; Malhotra, 1956, 19576, ci 
which correspond in a general way with the lipid droplets of neurones ¢ 
vertebrates (Thomas, 1951; Shafiq and Casselman, 1954; Casselman ani 
Baker, 1955). | 

The term ‘Nissl body’ is usually used to mean the massive, irregular bodid 
that Nissl (18945) called Kérperchen. Nissl, however, clearly saw the basip 
strands or Faden and illustrated them repeatedly (e.g. 1894). He knew thé 
the strands often anastomosed to form a reticulum (Netz, Nissl, 18944, p. 6 
and fig. 2; see fig. 13 of the present paper). It has not previously been realizes 
that this reticulum is visible in living neurones by interference microscopy} 

It is probable that in Nissl preparations the basic dyes colour the sma‘ 
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3. 13. Cell from a dorsally situated nucleus in the proximal part of the medulla of rabbit 
to show the basiphil reticulum. Reproduced from Nissl (1894a). 
rticles of Palade, which are scattered over the surfaces of the endoplasmic 
ticulum. It is unlikely that these particles reduce silver nitrate or osmium 
roxide. It is more likely that it is the endoplasmic reticulum itself that 
ackens in the Golgi techniques. Thus the same strands and bodies are shown 
the Nissl and Golgi techniques (except in the axon), but different com- 
ments are responsible for the two reactions. There is no purpose in giving 
o different names to the strands and bodies, according to whether they have 
en dyed by a basic dye or blackened by the deposition of a metal. 
I am greatly indebted to Dr. J. R. Baker, F.R.S., for suggesting this topic, 
r his kind supervision, for teaching me photomicrography and the use of the 
serference microscope, and for translating French and German papers, 
hank also Professor Sir A. C. Hardy, F.R.S., for accommodating me in the 
partment. It is a pleasure to thank Mrs. B. M. Luke for her ever-ready 
Ip and advice. 
The present work was done during the author’s tenure as Post-doctoral 
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SUMMARY 


A study of the histology and histochemical reactions for lipase, alkaline phosphatase, 
id phosphatase, adenosine triphosphatase, succinic dehydrogenase, lactic dehydro- 
nase, phospholipids, cholesterol, sulphydryl groups, and water-insoluble aldehydes 
d ketones in the brown and yellow adipose tissue of the bat (Hipposideros speoris) 
ealed that the two types of adipose tissue differ in histological structure as well as 
ysiological activity. The histological structure of the two types of adipose tissue was 
d to be different, resembling that of the two corresponding types of the rat. The 
own adipose tissue showed a higher concentration of succinic dehydrogenase, lactic 
hydrogenase, phospholipids, cholesterol, and sulphydryl groups. No detectable 
fference between brown and yellow adipose tissue was, however, found with respect 
lipase, alkaline phosphatase, acid phosphatase, adenosine triphosphatase, and water- 
soluble aldehydes and ketones. 


INTRODUCTION 


HE occurrence of two types of adipose tissue, brown and yellow, in 

certain mammals is well known and they have been the subject of detailed 
udies in recent years (Mirski, 1942; Fawcett, 1952; Menschik, 1953; Sidman, 
956; Rothbard, 1958; Remillard, 1958). They are different in their histo- 
gical structure as well as physiological activity. Sidman (1956) has reported 
iat brown adipose tissue does not differ fundamentally from the yellow with 
‘gard to development and also contended that intergrades between them 
scur. In a few cases like that of rabbit, cat, and man, much of the brown 
lipose tissue which is distinctly multilocular in the embryonic stages tends to 
>come unilocular and to resemble the yellow type. But in the majority of other 
ammals (rodents and many hibernators) possessing brown adipose tissue in 
lier stages retain the same condition in adult life also (Selye and Timiras, 
49; Sidman, 1956). The brown and yellow adipose tissues are named multi- 
cular and unilocular respectively with reference to the number and size of 
lipid droplets present in the individual cells. The physiological differences 
ypear, however, to be mainly quantitative rather than qualitative. Fawcett 
952), using histochemical methods, suggested that there are quantitative 
fferences in enzymic activities between brown and yellow adipose tissue of 
ts and claimed that brown adipose tissue is more active. Qualitative differ- 
ces were not detected. On the other hand, Mirski (1942) had reported one 
stance of qualitative difference between brown and yellow adipose tissue of 
e rat, namely the absence of the enzyme phosphoglucomutase in the latter. 
In bats also these two types of adipose tissue are present. A histochemical 
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and microchemical study of the lipids of the interscapular brown adipo 
tissue of the vespertilionid bat, Myotis lucifugus lucifugus, was made by Remi 
lard (1958). So far no data are available on the relative activities of these t 
types of adipose tissue of the bat. In the present paper the results are report 
of a comparative study of the histological organization and histochemic 
reactions of lipase, alkaline phosphatase, acid phosphatase, adenosine tripho 
phatase (ATPase), succinic dehydrogenase, lactic dehydrogenase, phosphol 
pids, cholesterol, sulphydryl groups, and water-insoluble aldehydes and keton: 
of the brown and yellow adipose tissue of the bat (Hzpposideros speorts). 


MATERIAL AND METHODS 


The materials used were subcutaneous lobes of interscapular brown a 
lateral abdominal yellow adipose tissue of the bat (H. speoris). The anima 
were decapitated and the tissues taken after most of the blood had bee 
drained off. Fresh frozen sections were used for the study of enzymes and al 
for certain other histochemical observations. For studying the normal hisi 
tology, tissues were fixed in Zenker’s fluid for 1 h, washed in running wate 
for the same time, and dehydrated in the usual manner. Paraffin section 
were cut at 10 w and stained with haematoxylin and eosin. 

Lipase activity was studied by employing the ‘tween’ method of Gomon 
(Pearse, 1954). “I'ween 80’ was used as substrate. Sections were mounted of 
clean, dry slides and allowed to remain at room temperature for about 1) 
min to ensure adherence. This was employed in all the other enzyme studié 
also unless otherwise stated. Before fixation sections were deprived of thee 
fats by soaking in ethyl ether for 10 min. This modification was neces 
sary because sections not treated in this way did not yield good results (Georg 
and Eapen, 1958). ‘The same procedure was adopted in studies of all oth 
enzymes except succinic and lactic dehydrogenases. Sections were fixed ij 
cold (4° C) 6% neutral formalin for 16 h. After fixation the sections wen 
washed in running water for 1 h and then rinsed in distilled water and incw 
bated at 37° C for 8 h. The incubation mixture contained 5 ml o-1 M bican 
bonate buffer at pH 8-4, 2 ml 10% calcium chloride, 2 ml 5% ‘tween 80’, 4) 
ml distilled water, and a crystal of thymol as preservative (George and Scaria 
1958). The rest of the procedure was the same as described by Pearse velo 


The sections were not counterstained. Sections boiled in distilled water befor) 
incubation were used as control. | 
Alkaline phosphatase was studied according to the revised method d 
Gomori, sodium glycerophosphate being used as substrate. Sections pre 
viously extracted with ethyl ether were fixed in cold 10° neutral formalin fo 
t h, washed in running water for 30 min, rinsed with distilled water, ani 
incubated in the substrate medium (Pearse, 1954) at 37°C for 24 h. The rest d 
the procedure was the same as described by Pearse (1954). Sections whic! 
had been kept in boiling water for 10 min, before incubation were use! 
as control. Another control employed was the incubation of sections in thi 
incubation medium devoid of the substrate (sodium glycerophosphate). 


| 
| 
| 
| 
| 
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The revised method of Gomori was successfully employed on fresh frozen 
tions of adipose tissue to demonstrate acid phosphatase activity (Glick, 
49). After extraction with ether, sections were fixed in cold (Ag ©) goo, 
alin for 1 h, washed in running water for 1 h, rinsed in distilled water, 
d incubated for 6 h, at 37° C. The incubation mixture was prepared as 
scribed by Glick (1949). The stock solution was filtered and diluted with 
ice the amount of distilled water before use. Incubated sections were rinsed 
Ilin distilled water and kept for a few min in 2% acetic acid. After rinsing 
ain in distilled water the sections were placed in diluted ammonium sul- 
ide and then washed in distilled water and mounted in glycerine jelly. 
iled sections were used as control. 
ATPase was detected by the procedure of Pearse and Reis (Pearse, 1954). 
ctions were fixed in cold ro% neutral formalin for 1 h, washed in running 
ter for the same time, rinsed in distilled water and incubated for 4 h at 
* C. The incubation medium used was the same as described by Pearse 
54). After incubation, sections were washed with 2°% calcium nitrate, 
sed in distilled water, and treated with 2° cobalt nitrate for 5 min. 
ctions were thoroughly washed in running water and then in distilled water, 
d treated with diluted ammonium sulphide. After washing, the sections 
re mounted in glycerine jelly. A few sections were incubated as for alkaline 
osphatase at pH 9-2 and for alkaline phosphatase at pH 7-5, and in a similar 
dium as for A’'T’Pase but containing distilled water in place of the substrate 
arse, 1954). In addition sections boiled in distilled water before incubation 
re also used as control. 
Succinic dehydrogenase activity was studied by the method of Straus 
d others (Pearse, 1954), 2:3:5 triphenyl tetrazolium chloride (TTC) 
ing used as the hydrogen acceptor. The same method was extended to the 
dy of lactic dehydrogenase also. Fresh frozen sections were cut into cold 
M phosphate buffer at pH 7-2. After being kept in the buffer for 15 min 
ensure that all the endogenous activity was lost, they were transferred to 
respective incubation mixtures in cuvettes and incubated for 15 min 
37° C. The incubation mixture in each case contained 1-5 ml of phos- 
ate buffer at pH 7-2, 1 ml of o-1 M solution of the substrate, 7-5 mg of 
C, and 0-625 mg of DPN in a total volume of 2:5 ml. DPN was omitted 
m the incubation mixture of succinic dehydrogenase because this 
zyme does not require the coenzyme (Baldwin, 1957). A few sections 
re incubated in an incubation medium without the substrate. These served 
control. 
Phospholipids were demonstrated by the acid haematein method of Baker. 
iker’s pyridine extraction test was applied as control (Pearse, 19 54). For the 
dy of cholesterol, the Schultz method (Pearse, 1954) was employed. 
Iphydryl groups were detected by Bourne’s nitroprusside test (Glick, 1949), 
d water-insoluble aldehydes and ketones by the Albert and Leblond reaction 


lick, 1949). 
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OBSERVATIONS 


Fig. 1 shows sections of brown and yellow adipose tissue stained wi 
haematoxylin and eosin. In the brown adipose tissue (A) the cells are small 
the cytoplasm more abundant, and nuclei more centrally situated. The 
droplets in the cytoplasm do not become confluent and hence the cytopla: 
has a vacuolated appearance. The cells of the yellow adipose tissue are ma 
times bigger and their nuclei lie at the periphery. 

Lipase. Sections treated for lipase activity showed more or less equa 
abundant precipitate in both the tissues (fig. 1, C, D). The brown adip 
tissue with its larger amount of cytoplasm did not show any appreciab 
difference in this respect. Lipase activity was represented by a brownish pr 
cipitate. 

Alkaline phosphatase. The intensity of the brown colour developed wy 
almost the same or perhaps slightly more in the case of the brown adipo 
tissue. 

Acid phosphatase. The activity of this enzyme in the two types of adipoj 
tissue appeared to be almost the same. Fig. 2, a, B shows brown and yell 
adipose tissue treated for acid phosphatase activity. The nucleus as well | 
cytoplasm showed the presence of this enzyme, but the reaction in the form! 
was stronger. 

ATPase. Fig. 2, Cc, D shows sections of the brown and yellow adipose tisss 
treated for ATPase activity. The intensity of the brown colour develops 
after the final treatment was found to be almost the same in both the types } 
adipose tissue. Both the nucleus and the cytoplasm gave a positive reactio! 
that in the former being stronger. 

Dehydrogenases. Succinic dehydrogenase and lactic dehydrogenase activitt 
in these two types of adipose tissue showed a sharp difference. The brow 
adipose tissue showed a much higher activity. Sections of brown adipose tissi 
after a few minutes of incubation developed a deep red colour in contrast ; 
a light pink in the case of the yellow adipose tissue. | 

Phospholipids. 'The brown adipose tissue revealed the presence of a high! 
concentration of phospholipids (fig. 2, E, F). 

Cholesterol. Both brown and yellow adipose tissue after treatment gave) 


Fic. 1 (plate). Photomicrographs of sections of the brown and yellow adipose tissue of { 
bat, H. speoris. | 

A, the brown adipose tissue. The cytoplasm has a vacuolated appearance. The nuclei ‘ 
eccentric. (Haematoxylin and eosin.) | 
_=2By the yellow adipose tissue. The cytoplasm is confined to the periphery of the cell, 1 
inside being filled by a single, large fat drop. The nucleus occupies a peripheral positi« 
(Haematoxylin and eosin.) 

c and D, sections of the brown and yellow adipose tissue respectively, treated for lip# 
activity. The abundance of the brownish precipitate indicates high activity of the enzyn 
The individual cells are obscured by the precipitate. (Gomori’s ‘tween’ method, with ‘twe 
80’ as substrate, incubated for 8 h.) | 
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ry faint green coloration, indicating a positive reaction. The intensity of the 

lour developed was slightly greater in the brown adipose tissue. 
Sulphydryl groups. The brown adipose tissue showed the presence of 
her concentration of sulphydryl groups than the yellow. 

Water-insoluble aldehydes and ketones. Brown and yellow adipose tissue gave 


ost the same reaction when tested for water-insoluble aldehydes and 
ones. 


DISCUSSION 


Histological differences between the two types of adipose tissue are quite 
tinct. ‘The amount of cytoplasm present is very much greater in the brown 
ipose tissue than in its counterpart. In structure both the brown and yellow 
ipose tissue of this bat more or less resemble the corresponding tissues of 
rat, as described by Fawcett (1952). 
The development of an abundant deposit of precipitate in sections treated 
lipase activity indicates that both these types have appreciable concentra- 
ns of lipase in them. Fawcett (1952) has shown by histochemical methods 
t the brown adipose tissue of the rat has a higher concentration of lipase 
n the yellow adipose tissue. However, he expressed doubt as to the pre- 
ce of ‘true lipase’ in the adipose tissue of the rat, since he used ‘tween 40’ 
d ‘tween 60’ as substrates. It should be mentioned here that ‘tween 80’ was 
nd to be attacked specifically by ‘true lipase’ and not esterase (Gomori, 
53). Since in our present study we have used ‘tween 80’ as the substrate, it is 
ncluded that the enzyme under consideration is a ‘true lipase’. By histo- 
emical as well as quantitative methods we have shown (1958) the presence of 
e lipase’, in the adipose tissue of the pigeon. 
The distribution of alkaline phosphatase, acid phosphatase, and ATPase 
s found to be almost the same in the two types of adipose tissue. Fawcett 
52) reported higher concentration of alkaline phosphatase in the brown 


IG. 2 (plate). Photomicrographs of sections of the brown and yellow adipose tissue of the 
, H. speoris. 

, the brown adipose tissue treated for acid phosphatase activity. The nuclei showed a 
her activity than the cytoplasm. (Gomori’s method, sodium glycerophosphate substrate, 
ubated for 6 h.) 

, the yellow adipose tissue treated for acid phosphatase activity. The cytoplasm appeared 
more active than the cytoplasm of the brown adipose tissue cells. However, the nucleus 

found to contain less of the enzyme when compared to the nucleus of the other type of 
tissue. (Gomori’s method, sodium glycerophosphate substrate, incubated for 6 h.) 

, the brown adipose tissue, demonstrating ATPase activity. The nucleus showed greater 
ivity than the cytoplasm. This was true for the yellow adipose tissue cells also. (Method of 
rse and Reis, ATP substrate, incubated for 4 h.) ae 

, the yellow adipose tissue, demonstrating ATPase activity. The cytoplasm showed 
ater activity than the cytoplasm of the brown adipose tissue cells. (Method of Pearse and 
is, ATP substrate, incubated for 4 h.) *~ 

, the brown adipose tissue treated to reveal phospholipids. The cytoplasm gave a dark 
e colour, showing a high phospholipid content. (Baker’s acid haematein method.) ; 
, the yellow adipose tissue treated for phospholipids. The thin film of cytoplasm at the peri- 
ry of the cell gave a positive result. The remaining part of the cell remained unaffected. 
ker’s acid haematein method.) 
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adipose tissue than in the yellow in the rat. Both nucleus and cytoplasm gav 
positive result. In a number of sections examined, the cytoplasm of the yello 
adipose tissue appeared to be more active than that of the brown adipo 
tissue, and conversely in the case of the nuclei. This cannot be explained wit 
in the limits of our present state of knowledge. 

The presence of greater concentrations of succinic and lactic dehydrogenas 
in the brown adipose tissue is indicative of its higher oxidative activity. It 
likely that the other oxidative enzymes are also more abundant in the bro 
adipose tissue. This is supported by the findings of various workers whi 
have been reviewed by Remillard (1958). Fawcett (1952) reported high 
succinic dehydrogenase activity in the brown adipose tissue of the rat whi 
Menschik (1953) found no difference between brown and yellow adipose tiss 
of the guinea-pig. However, the latter found a higher concentration of amir 
oxidase, a-naphthol oxidase, and cytochrome oxidase in the brown adipog 
tissue. 

Fawcett (1952) found higher concentration of phospholipids in the brow 
adipose tissue of the rat and Menschik (1953) in the guinea-pig. We too hav 
obtained a similar result in the case of the bat. Fawcett (1952), howev: ! 
failed to get a positive result for cholesterol in both types of adipose tissue i 
the rat, whereas Menschik (1953) reported the presence of more cholester¢ 
and its esters in the brown adipose tissue of the guinea-pig. In the bat we ge 
a faint reaction in both types of adipose tissue. 

The brown and yellow adipose tissue showed a striking contrast when teste 
for sulphydryl groups, the former showing an abundance. In the guinea-p: 
Menschik (1953) found no difference in reaction in the two types of adipog 
tissue. 

The question arises whether these two varieties of adipose tissue are funa 
tionally the same or not. A definite answer to this is not yet available. Fawce 
(1952) suggested in his paper that fat in the brown and yellow adipose tiss 
is different in chemical nature. The former is said to contain more saturate 
fat and phospholipids while the latter contains more neutral fat. There appez 
to be seasonal variations also with regard to the amount and nature of the f. 
present. Remillard (1958) has stated that the fat of the yellow adipose tissu) 
is mobilized in a greater amount faster than in the brown adipose tissu: 
Rothbard (1958) attributes a dual function to the brown adipose tissue in th 
metabolism of the mouse. He considers that it is needed in milk producti | 
and as energy source in the process of parturition. The function of this tissv 
in the male remains unexplained. 
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Neurosecretion in the Brain of the Larva of the 
Sheep Blowfly, Lucilia caesar 


By ALASTAIR FRASER 


(From the Department of Zoology, University of Glasgow) 


SUMMARY 


six groups of neurosecretory cells were identified in the brain of the mature larva 
Lucilia caesar. Five of these groups belonged to the category of medial neurosecre- 
y cells and one to that of lateral neurosecretory cells. The groups differ in position, 
| size, staining characteristics, and sequence of activity. It is apparent that only some 
the groups are concerned with the process of thoracic gland activation, though all 
ction during metamorphosis. At least one group, not concerned in thoracic gland 
ivation in the non-diapause larva, is continually active during diapause. 


INTRODUCTION 


T is accepted that in the brain of the pterygote insect the neurosecretory 
cells lying in the protocerebrum form two medial and two lateral groups. 
nstr6m (1940) observed that the axons of the two medial groups form two 
rves which in their intracerebral course cross over each other in the pars 
ercerebralis and, on leaving the rear of the brain, form the nervi corporis 
diact interni (NCC 1), while the axons of the lateral cells take a direct course 
the rear of the brain and externally form the nervi corporis cardiaci externi 
CC 2). 
n the larvae of Diptera-Cyclorrhapha the NCC 1 and NCC 2 on each side 
e to form a single pair of nerves to the corpus cardiacum. M. Thomsen 
51) and Possompés (1953) described neurosecretory cells in the pars inter- 
ebralis of the larva of Calliphora erythrocephala Mg. The former identified 
se cells as belonging to the medial group, but lateral neurosecretory cells 
e not been identified hitherto in cyclorrhaphan larvae. 
he phenomenon of transport of neurosecretory product from the brain to 
corpus cardiacum was first noted by Hanstrém (1940) and has since been 
firmed by the use of various selective stains in a large number of species. 
erimental confirmation of axonal transport of the product has been pro- 
ed by Scharrer (1952) and E. Thomsen (1954). Scharrer (1951) showed 
t this material is stored in the corpus cardiacum of Leucophaea near the 
en of the aorta and postulated that it was released thence into the blood. 
ording to M. Thomsen (1954) the axons of the NCC of Hymenoptera 
erge in the corpus cardiacum and branch between the cells, secretion 
nules being stored in the swellings of the axons. It has also been noted ina 
ber of species that some of the axons in the NCC do not terminate in the 
pora cardiaca but pass through and form the nerves to the corpora allata. 
nsport of neurosecretory material to and accumulation of it in the corpora 
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allata have been described by Arvy, Bounhiol, and Gabe (1953), Arvy 2 
Gabe (19532), and M. Thomsen (1954). 

The secretory cycle in these neurones in relation to post-embryo 
development has been studied in Ephestia by Rehm (1951), in Ephemeropte 
Odonata, Plecoptera, and in Tenebrio by Arvy and Gabe (1953 4, 5, ¢, d),) 
Forficula by Lhoste (1953), and in Bombyx by Arvy, Bounhiol, and Ge 
(1953). Gabe (1954), summarizing the available information, stated that 
Holometabola each larval stage is marked by a phase of secretion in the pf 
intercerebralis. 

The objects of this study were (a) to locate and identify the neurosecretd 
cells in the brain of the mature larva of Lucilia caesar L.; (6) to determine, 
means of a variety of staining procedures and histochemical tests, the chemi 
nature of the stainable product in these cells; (c) to attempt to determine 1 
function of the neurosecretory cell groups by relating histological evidences 
activity in these at different stages in development to histological, develd 
mental, and experimental evidence of activity in extracerebral endoera 
organs. 


METHODS 


Serial sections were prepared of the brains of third instar larvae of L. cae¥ 
taken at the following stages in development. . 
Diapause stage. A facultative diapause occurs in this species after the cesi 
tion of feeding and before puparium formation. 
Stage r. Large third-instar larvae, still feeding but by their size judged 
be due to cease feeding within a few hours. | 
Stage 2. Larvae taken 6 to 8 h after the cessation of feeding, at which tim 
cannot be determined whether a larva will enter diapause or develop direct} 
Stage 3. Mature larvae developing without diapause, selected early in1 
post-feeding pre-pupation phase when the imaginal discs are very slighi 
larger than those of diapause larvae in which Anlagen-development is arrest¢ 
These larvae had spent the 72 h since removal of food in optimal conditio 
That a larva was not in diapause could only be proved by the evidence, | 
sections, of mitoses in Anlagen. 
Stage 4. Mature larvae developing without diapause, in which develd 
ment of Anlagen is marked. 
Stage 5. This is the ‘white pupa’ stage at which the cuticle of the larva } 
contracted to form the puparium but has not yet darkened. 
Bouin’s solution was used to fix all the material sectioned except tlt 
required for the Sudan black B test, for which a formaldehyde-calcium fixatit 
is recommended. Steedman’s (1947) ester wax was the embedding mediv 
used and sections were cut at 6 wp. 
The following staining procedures, of which the first two are somewl 
selective stains for the neurosecretory product, were employed. 


(1) The chrome-haematoxylin stain of Gomori (1941), after oxidation 
sections with acidified 0-3°% potassium permanganate solution, with phlo» 
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interstaining. With this stain granules in neurosecretory cells appear dark 
1e-black. 

(2) The paraldehyde-fuchsin stain of Gomori (1950) as adapted by Gabe 
53), with preliminary oxidation with acidified potassium permanganate, 
interstained with Groat’s haematoxylin and picro-indigocarmine. The 
mular product of neurosecretory cells, basement membranes, material in 
> pore canals of the fore gut intima and a part of the perineurium all stain a 
lliant purple colour. Gomori (1952) states that acidified potassium per- 
inganate solution will attack glycol linkages, the oxidant converting 1:2 
col groups to dialdehydes in the first stage of oxidation. The selective 
loration of neurosecretory product by chrome-haematoxylin and by paralde- 
de fuchsin, after acidified permanganate oxidation, was considered by Gabe 
)55) to be due to the affinity of these stains for aldehyde and sulphydryl 
pups liberated by the oxidation. While it was recognized that this oxidant is 
ble to oxidize further the resulting aldehydes, it seemed a reasonable work- 
x hypothesis that these 1:2 glycol groups were associated with dehydro- 
icose residues of polysaccharide molecules and that a component at least of 
> neurosecretory product could fit into the general classification of ‘carbo- 
drates’ as used by Pearse (1953). Several ‘carbohydrate’ staining procedures, 
tailed below, have therefore been used in an attempt to identify this com- 
nent, such an attempt being justified by Gabe’s (1954) general statement 
at the product of insect neurosecretory cells has a PAS-positive component 
aver than glycogen. 

(3) Steedman’s (1950) alcian blue was first developed as a stain for mucin 
d is of use (Pearse, 1953) in differentiating acid mucopolysaccharides from 
ner carbohydrates. It was used in combination with either neutral red or 
emalum-eosin counterstaining. Positively stained material has a brilliant 
1e-green colour. 

(4) The standard toluidine blue metachromatic method for identification 
carbohydrates as described by Pearse (1953) was used. Metachromatic sub- 
inces are either red-pink (y metachromasia) or purple (8 metachromasia). 
(5) The periodic acid / Schiff (PAS) test for polysaccharides. Exhaustive 
scussions of the PAS reaction are to be found in Gomori (1952) and Pearse 
953), the latter listing polysaccharides, mucopolysaccharides, muco- and 
ycoproteins, glycolipids, unsaturated lipids, and phospholipids as giving a 
sitive reaction. McManus (1956) cautions that a variety of substances apart 
ym those containing 1:2 glycol linkages have been found to give a positive 
action but he quotes data from organic chemistry to reinforce the belief that, 
ovided that oxidation is performed with 0-5% periodic acid solution for 
t longer than 5 min, positive substances are presumably carbohydrates. 
veral workers have recommended a reducing rinse immediately after 
riodic acid oxidation, but as McManus logically points out this can only 
sult in the reversal of the oxidation just performed. Glycogens give a positive 
action, but can be readily eliminated by pretreatment of sections with diastase 
lution or ptyalin. Positive material stains a rich red or purple-red colour. 
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(6) Sudan black B staining for lipids in wax sections (Pearse, 1953) af 
McManus (1946). Since the preparation of serial frozen sections from. min 
tissue blocks like the larval brain presents extreme technical difficulties, tl 
procedure was adopted. The tissue was fixed for 3 weeks in a formaldehyd 
calcium solution and then postchromed for 24 h; thereafter the routi 
embedding procedure for ester wax was used. Lipids are coloured blue ¢ 
blue-black. 

(7) Lillie (1950) found that the contents of cells of the mammalian adre 
medulla were phenolic and PAS-positive. The acid diazonium reaction f 
aromatic amines and phenols (Pearse, 1953) was therefore used to test whethy 
certain neurosecretory cells containing PAS-positive material might contain 
phenolic substance. 


RESULTS 


The larval brain is invested in a sheath formed by a layer of cells called i 
perineurium (Scharrer, 1939), which is in turn covered by a thin neu 
lamella. The medullary zone of the brain is composed principally of axo 
while in the cortical zone are found neurones, neuroglia, and the Anlagé 
cells, from which certain structures of the adult brain ultimately develo; 
Some of the neurones in the cortex are identified as neurosecretory. At so 
stage in the development of the larva they can be distinguished during li 
from common neurones by a characteristic bluish appearance. ‘They prove, : 
appropriately stained sections, to contain a particulate product. The refractil 
properties of the product are responsible for the colour observed in the livin 
cell (E. Thomsen, 1954). 
No fewer than 6 groups of these cells can be identified in each hemispher 
of the brain of L. caesar larvae. The cells are all unipolar pyriform neurone; 
located as follows (fig. 1). 
Group I consists of two large cells lying in an antero-dorsal position in tl 
pars intercerebralis close to the junction of the hemispheres. They attain 
maximum size of about 40x18 pw and each cell contains numerous ovoi 
vacuoles ranging in size up to 4 in length. 
Group 2 is represented by a single cell lying anterior to Group 1 and at | 
lower level. It measures 20 x 15 x. Vacuoles are normally seen in cells of thi 
group. 
Group 3. Four cells can normally be counted in this group. They lie later: 
ally to Group 1 in the dorsum of the hemisphere and measure 20 x 15 p. Tw 
or three large vacuoles are usually seen in the fixed cell. 
Group 4. As indicated in fig. 1, the cells of Group 4 have the same locatiot 
as, and in fact intermingle with, those of Group 3, but the two groups ha 
distinct characteristics. There are usually 7 Group 4 cells, each distinctlt 
pyriform with the nucleus displaced toward the axon end of the cell. The: 
maximum size 1s 25 X 17°5 p. 
Group 5 is formed of small almost spherical neurones, about 12: 5 pm th 
diameter, lying laterally to and behind Groups 3 and 4. Several morph 
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ically similar neurones occur in the dorsolateral locus but the actual num- 
differentially stained varies from Rone: 


. 1. Diagram showing the distribution of neurosecretory cell groups in the dorsum of the 
brain of the larva of L. caesar. 


roup 6 comprises two cells of irregular outline, about 20 17-5 pu in size. 
ese lie against the medulla at the rear of the brain, close to the entry of the 
in cerebral tracheae. 


uning characteristics of the neurosecretory cell groups 


Paraldehyde-fuchsin. In brains of larvae in diapause the cells of Group 1 
¥.2, A) appear at low magnification to have a uniform deep purple colour 
ken only by the nucleus and by the several large vacuoles. At higher 
gnifications this colour is resolved into minute purple particles, the smallest 
which are at the resolution limit of the microscope. The small particles 
ear to associate to form aggregates or granules of varying magnitude but 
1e of these exceed 1 x and most are half that size. ‘The general impression 
yf a very high concentration of small separate granules packing a distended 
|. In non-diapause brains these cells have at Stage 1 a grey cytoplasm, like 
t of common neurones. Then the first purple particles appear, just detec- 
le around the periphery of the vacuoles. At the second stage (fig. 3, A) 
amount of product has increased and the deep purple granules around the 
uoles are larger. Although granules are found scattered in all parts of the 
ikaryon, they are densest in the vicinity of the vacuoles. During Stage 3 
granules remain limited in size but increase in abundance (fig. 3, B, C). 
ere continues to be marked association with vacuoles, which appear tc be 
tres of production from which the material spreads out into the surround- 
cytoplasm. Late in this stage particles of product can be traced into and 
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Fic. 2. Neurosecretory cells in the brain of an Ea 
dehyde-fuchsin. a, Group 1. B, Group 2. 


aesar larva in diapause, stained with pare 


| 


c, Group 3. pD, Group 4. E, Group 5. F, Group 
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G. 3. Cells of Group 1; paraldehyde-fuchsin staining. A, Stage 2. B, early Stage 3. C, late 
. Stage 3. D, early Stage 4. E, late Stage 4. F, Stage 5. 
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along the axons of cells of the group. Early in Stage 4 the product is dense 
in sub-spherical zones around the vacuoles (fig. 3, D). Later the entire cell, 
now noticeably distended, is, except for vacuoles and nucleus, entirely fill 
with minute separate granules (fig. 3, E). There is a pronounced similari 
between late Stage 4 cells and those in diapause brains. In the final Stage 
the cell collapses. The nucleus is pycnotic and the cell outline irregular (fig. ; 
F). It is clear that in Stage 4 the rate of production is greater than the rate 
secretion which started in Stage 3. In the last stage, production has ceas 
and the product is being transmitted along the axon in much greater amou 
than at previous stages. 
The product of Group 2 (fig. 2, B) occurs, in diapause brains, in larg 
granules than in Group 1, and these granules associate in large, irreguld 
masses separated by relatively clear zones of cytoplasm. In the younger feed 
ing larva there is no positive material in cells of this group but this is the fir 
group in which secretory material is formed after the cessation of feedi 
(fig. 4, a). At Stage 2 the granules form distinct aggregates but there is nj 
marked association with vacuoles (fig. 4, B, C). During Stage 3 aggregates co 
tinue to increase in size (fig. 4, D). There are also numerous unassociate| 
granules, scattered in the cytoplasm, larger than those in Group 1. Particle 
of product occur in the axons at this stage but the rate of discharge is low 
There is a marked increase in the size of the cell and of its nucleus (fig. 4, E 
and in some cells double nucleoli, suggestive of endomitosis, appear. In Stag; 
4 accumulation continues until almost the entire cell is filled with large aggre 
gates of product (fig. 4, G). At this time small granules fill the axon (fig. 4, H) 
Apparently there is a physical change in the substance secreted and it is trans) 
ported in this finely divided state. In the last stage examined the cells are in | 
senescent state; there is a diminution in the amount of product in the cell an( 
the axon is filled with granules (fig. 4, 1). The early Stage 4 cells resemble mos) 
closely the group state in diapause brains. | 
The cells of Group 3 contain a stainable product during diapause (fig. 2, © 
The granules are smaller than in Group 1, separate from one another in so 
parts of the cell and associated in aggregate masses in other parts. In the noni 
diapause larva these cells do not contain any product until Stage 3. The firs: 
minute granules to be detected are associated with the periphery of vacuol 
as in early Group 1 cells, but later they enlarge and spread into the surroundi 
ing cytoplasm (fig. 5, c). During Stage 4 this material increases in abundance 
and the last stage granules are abundant in transit in the axons (fig. 5, D, BY 
In non-diapause brains aggregates do not form, the granules remaining sma 
and separate. 
The abaxonal zone of Group 4 cells stains a relatively uniform pale purpl| 
colour during diapause (fig. 2, D). At this time no particles or granules o 
product can be distinguished. In the non-diapause larva the first signs 0 
secretory activity appear some hours after the cessation of feeding, in Stage 2 
when faint purple patches of regular outline form in the abaxonal zone of thi 
cell. The sequence of accumulation in Group 4 is simply one of increase it 
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:. 4. Cells of Group 2; paraldehyde-fuchsin staining. A, Stage 1. B, early Stage 2. C, late 
ge 2. D, early Stage 3. E, late Stage 3. F, early Stage 4. G, mid Stage 4. H, late Stage 4. 
Totacens. 


e and number of these ‘blobs’, which by late Stage 3 prove to be formed of 
nute purple granules. In Stage 3 the product tends to be associated with 
suoles, although this is not invariably so (fig. 6, a), and the vacuoles may be 


386 Fraser—Neurosecretion in Larva of Lucila 


entirely surrounded by a wide zone of secretory material. The highest degr 
of accumulation is attained and an almost total evacuation of the cell occurs 1 
Stage 4; in the fifth stage the cells assume a faint uniform purple colo 
similar to that found in these cells during diapause. Pycnotic changes in t 


Fic. 5: Cells of Group 3; paraldehyde-fuchsin staining. a, Stage 3, the Group 3 
cell lying above a Group 4 cell. B, Stage 3. Cc, Stage 4. D, Stage 5. E, Stage 5, the 
Group 3 cell lying above a Group 4 cell. 


nucleus and other signs of senescence have not been observed up to this stag 
in development and it is possible that this group goes through another cye! 
of secretion later in the pupal instar. | 

The same uniform pale purple colour as was noted in Group 4 is produce 
by this stain in Group 5 cells during diapause (fig. 2, E). The cycle in the m 
diapause larva is also similar to that in Group 4, the blobs appearing in Stag 


3. These are succeeded by the appearance of fine granules in the cytoplast 
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larger granules associated with vacuoles (fig. 7, A, B) but in Stage 4 the 
nules disappear and the cells revert to a uniform purple colour. The cycle 
‘ts later and is completed earlier than in Group 4. 


Fic. 7. Cells of Group 5; paraldehyde-fuchsin staining. 
A, Stage 3. B, late Stage 3. 


ecretory granules are found in Group 6 cells in diapause. These are separate 
‘match in size those of Group 1. Innon-diapause brains a product is evident 
these cells only in stage 3, when the appearance is similar to that in 
yause brains (fig. 2, F). One specimen was sectioned at such an angle that 
axon could be followed for a distance equal to twice the length of the cell 
yut 40 ;) and its course could be traced directly to the nerve to the corpus 
liacum. It did not traverse the pars intercerebralis. The cells of Group 6 
therefore identifiable as ‘lateral neurosecretory cells’. The fact that they 
only be found in Stage 3 brains indicates a very rapid completion of the 
le_of activity in prepupae. 

\ther staining procedures and histochemical tests. ‘The staining characteristics 
he cell groups in diapause brains are summarized in table 1; those in non- 
yause brains in table 2 (see p. 393). Owing to the conflicting evidence, 
ussed below, provided by the histochemical tests on diapause material, it 
decided that little information of value was to be gained from applying 
ain of these to non-diapause material and they were omitted. The follow- 
points are important. 
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All groups, except Group 6, contain granules staining a dark blue cole 
with chrome haematoxylin at their peak of activity in the prepupa, but or 
Group 3 cells contain such granules during diapause. In diapause the cy? 
plasm of Groups 4 and 5 is markedly acidophil and this is to some deg 
retained in the developing larva. At all stages this acidophil material is) 
Group 4 mildly and in Group 5 strongly PAS-positive. During diapat 
sudanophilia is a property of the cytoplasm in Group 5, but in Group 2 it if 
property of the granules of secretion. 


Neurosecretory cells of the brain at the termination of diapause 

Mitoses were observed in paraldehyde-fuchsin preparations of brains | 
several larvae which had been in diapause for 6 weeks. In these, it can 
assumed, diapause had just terminated. Only Groups 4 and 5 differed fra 
their diapause appearance. The colour of the cytoplasm was no longer unifo1 
and the distribution of granules now resembled that in late Stage 3 £3 
diapause cells. It can be concluded that the activation of these groups cop 
cides with the termination of diapause. 


The corpora in L. caesar larvae 


Corpus cardiacum. Secretory granules, stained by paraldehyde-fuchsin az 
by chrome-haematoxylin, occur in this organ during diapause. Res 
obtained with the former stain suggest that these could originate in Gro 
I, 2, 3, or 6, but corresponding granules are only demonstrated by the lattt 
stain in Group 3. 

In the post-feeding non-diapause larva the first granules appear in t 
corpus cardiacum during Stage 2, just after the inception of activity in Gro 
1 and 2. The concentration of this material increases in the successive prepup} 
stages. The product enters the organ in a finely granular state in the axons 
the nerves from brain to corpus cardiacum. These axons penetrate betwei 
the cells of the corpus. Ovoid bodies form, which are swellings of nerve fib» 
caused by local accumulations of the secretory material (M. Thomsen, 1955 
These swellings contain aggregates of larger granules than the type seen |i 
transit. The material is abundant in the lumen of the aorta and presumall 
passes through the wall of the vessel into the blood. It has not been determin! 
by histological methods whether the corpus cardiacum modifies the prod 
before passing it into the blood, nor indeed is it known if the stainable ee | 
is the active principle or only a carrier substance. It is confirmed that t! 
corpus cardiacum has an independent endocrine function. 

Corpus allatum. 'There is no evidence of receipt of neurosecretory prod 
by the corpus allatum at any of the stages examined. There is certainly as 
stance which stains strongly with paraldehyde-fuchsin in late Stage 4 a 
Stage 5 corpora allata, but this is associated with the tracheae of the org: 
Caution must be exercized in interpreting the results obtained with that st 
in insects about to moult, since tracheal chitin which has been attacked | 
moulting fluid and the chitin precursor. in the tracks of new tracheae a 
strongly coloured by the purple stain. 
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DIscussION 


1x groups of neurosecretory cells have been distinguished in the brain of 
third instar larva of L. caesar. While a similarity in the chemical composi- 
1 of the product of the various groups is indicated by a common affinity for 
aldehyde fuchsin after oxidation, there are clear cytochemical differences 
ween the 6 groups, which were separated originally on physical differences, 
the mode of accumulation of the granules of product. The cytochemical 
s were selected with the object of identifying the carbohydrate component 
he product recorded by Gabe (1954). The following conclusions are based 
the discussion of histochemical tests for carbohydrates and lipids in 
mori (1952) and Pearse (1953). 

n Group 1 the product has an affinity for alcian blue and is PAS-negative, 
ults consistent with the presence of an acid mucopolysaccharide, but the 
tachromasia produced with toluidin blue does not support this conclusion. 
e cytoplasm of a Group 4 cell in diapause is eosinophil, PAS-positive, not 
lanophil and produces 8 metachromasia with toluidin blue. These results 
consistent with the presence in the cytoplasm of a neutral mucopolysac- 
wide (or mucoprotein) not found in other neurones. The staining in Group 
natches in some respects that of Group 4 but the PAS-positive reaction is 
onger and the cytoplasm is strongly and uniformly sudanophil. These 
ults might indicate the presence in the cytoplasm of Group 5 of a glyco- or 
ospholipid or lipoprotein but the conclusion is again controverted by the 
tachromasia produced with toluidin blue. The results obtained with the 
ier cell groups were, as can be seen in tables 1 and 2, equally inconclusive. 
ere is no evidence that the product of these cells has a polysaccharide com- 
nent, an observation in agreement with that of Wigglesworth (1956) and 
utroverting that of Gabe (1954), who claimed that there is detectable in this 
duct a ‘glucide’ component other than glyxogen. Inthe two groups in which 
h a component occurs it is a factor in the cytoplasm and not of the product. 
ter the completion of these investigations evidence was produced by 
per (1957, 1958) that substances selectively stained by the paraldehyde 
hsin procedure contain protein-bound cystine. According to Saffran and 
ers (1958) the vertebrate neurohypophysis contains a family of chemically 
ted peptide hormones. A common component of these is probably cystine, 
ich accounts for their staining characteristics. If the opinion of Sloper 
57), that the neurosecretory proteins of vertebrates and invertebrates are 
ilar, is accepted, then it can be postulated that the products of the 6 cell 
ups in L. caesar larvae are proteins or peptides, all of which have at least 
amino acid in common, cystine; but each must have a composition differ- 
by one or more other amino-acids from its closest relative. This difference 
account for the chemical dissimilarities between the groups which have 
been demonstrated. 

hrome-haematoxylin cannot be used to demonstrate phases in the cycle of 
vity of a group, but the characteristic blue-stained granules appear at the 
1.3 pd 
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peak of activity of a cell and are found in the corpus cardiacum. It is conclud 
that when these granules appear in a group the cells are in an effective d 
charge phase of activity. . 

Wigglesworth (1934) first suggested that diapause might be due to t 
temporary failure in the secretion of the growth hormone. This postuli 
was confirmed in Platysamia by Williams (1946). Chilling for a certain peri 
of time terminates pupal diapause in that species. The brain by means 0 
diffusible hormone liberated into the blood activates the thoracic glan 
whose secretion promotes pupal development. Thus the unchilled diapa 
brain can be regarded as ‘inactive’ and the chilled brain as ‘active’. Resu! 
from experiments with L. caesar larvae (Fraser, 1957) indicate that the d 
pause brain is, in that species, similarly failing to activate the thoracic gla 
and is in this sense ‘inactive’. 

Since neurosecretory activity in larvae has hitherto only been related tot 
process of thoracic gland activation, it might be expected that the neurosecu 
tory cells in the brains of L. caesar larvae in diapause would appear to | 
totally inactive and devoid of product, as in feeding larvae. On the contr 
abundant granules are demonstrable in Groups 1, 2, 3 and 6 and in the corpt 
cardiacum. The brain cells maintain a remarkably consistent appear 
throughout diapause. It might therefore be suggested that the product accu 
lates in these cells shortly after the cessation of feeding, as in the non-diapau 
larvae, but is not discharged until the state terminates. There is, however! 
small amount of product in the corpus cardiacum which might be due ta 
casual leakage from ‘charged’ cells in ineffective amounts. This is probably) 
in the case of Groups 1, 2, and 6, but Group 3 provides a clear discharg 
picture with chrome-haematoxylin, and after staining with paraldeh 
fuchsin closely resembles Group 4 at the peak of its activity in the non-diapav 
larva. Group 3 is thus the probable source of most of the material in t 
corpus cardiacum and may be the only group with a physiological functil 
during diapause. These cells, instead of going through a normal rapid cy( 
of accumulation and discharge lasting 3 or 4 days, reach a certain level| 
activity which is maintained for as many months as the diapause lasts. Neumi 
secretory cells capable of similar monotonous activity are to be found in t 
ventral ganglia (Fraser, 1957). The absence of a stainable product fre 
Groups 4 and 5 during diapause is satisfactory evidence of their inactivi 

Since all the cell groups go through a cycle in the prepupa, it is clear i 
they are all concerned in the control of physiological processes associated w} 
moulting and metamorphosis. The time of thoracic gland activation can | 
determined by a study of the growth of the imaginal discs, whose develc : 
ment, in the post-feeding pre-pupation phase, is promoted by the secretit 
of that gland. It has been found that the discharge of Group 4 cells correspor 
most closely with the time of gland activation. Thus Group 4, inactive duriff 
diapause but becoming active at its cessation, appears to be the most proba 
source of the activating substance. Accumulation in Groups 1 and 2 certait 
starts early in the post-feeding phase but it continues, with the consequé 
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ntion of the cells, almost to the time of puparium formation, when there 
apid discharge of product. Group 3 does not approach a peak of activity 
3 after puparium formation. Group 5, inactive in diapause like Group 4, 
tions later and completes its cycle of activity earlier in the prepupa. It 
fore seems unlikely that Groups 1, 2, 3, or 5 are prime stimulators of the 
acic gland. In the developing prepupa Group 6 has a brief cycle of activity 
h is only evident after thoracic gland activation; but since Williams (1948) 
proved that both medial and lateral cells participate in that process and 
> Group 6 cells are the only ones identifiable as belonging to the latter 
gory, it is probable that their secretion plays a part, perhaps in the estab- 
nent of autonomy, in the stimulation of the gland. 
ith the development of a microcautery technique it may soon be possible 
ucidate the physiological role of certain of these cell groups now that it 
been established that the median neurosecretory cells are not a homo- 
ous group. Progress has been hampered in the past by the failure of the 
y investigators in this field to appreciate this fact. Descriptions of the 
etory cycle which have previously been produced are often unsatisfactory, 
e the varied aspects of different groups have been equated with successive 
es of the secretory cycle in a homogeneous group and the assumption has 
1 made that various properties of the different groups are common to all 
‘osecretory cells. 
t the cessation of feeding, whether the larva of L. caesar develops directly 
nters diapause, the neurosecretory system is alerted and cells that have 
1 distinguishable from common neurones by position and form only 
ng the feeding phase, assume distinctive staining characteristics. This is 
ally true for those groups which in both types of post-feeding larva have a 
ular product and for Groups 4 and 5 which assume in diapause the appear- 
; interpreted as the resting state. The completion of feeding and the 
ges in neurosecretory cells are related processes. A relationship between 
ing or nutrition and the hormone cycle has long been known in insects 
xglesworth, 1933 and subsequent papers). It could be said that in a blow- 
arva which stops feeding voluntarily, the same mechanism which termi- 
s feeding activity also alerts the brain neurosecretory system; but if the 
of a non-diapause species such as C’. vomitoria is removed prematurely 
its food, the duration of the post-feeding pre-pupation period after this 
voluntary cessation is the same as that after voluntary cessation. ‘Therefore 
echanism which normally causes the larva to stop feeding and that which 
s the brain cells must: be separate. At the normal cessation of feeding the 
ction of the crop begins, as its contents are evacuated without replenish- 
t. After this come the first signs of neurosecretory activity. The activation 
e€ neurosecretory system may therefore be related to the event of crop 
ction. Lees (1955) favoured the theory that secretion of brain hormone 
duced by nervous stimuli, but Monro (1956) has shown that in the larva 
noctuid moth the stimulus is humoral. Either theory is possible. It does 
significant that the stomatogastric nervous system is linked to the corpus 
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cardiacum, which, in turn, has nerve connections to the brain. The fact t 
feeding has ceased may thus be recorded by the stomatogastric ne 
system, perhaps as a result of release of tension in the crop, this system tlt 
providing either a humoral stimulus liberated through the neurohaemal or} 
or anervous stimulus transmitted directly to the brain. This stimulus, hum¢ 
or nervous, activates the neurosecretory system. | 

If environmental conditions are favourable during the time when cj 
retraction and activation of the neurosecretory system occur, in the L. cag 
larva, the neurosecretory cycle is completed directly in all groups; but if ¢4 
ditions are unfavourable, activity halts in Group 4 and 5 before the format 
of a particulate product and in Groups 1 and 2 when accumulation of prod 
is complete; while Group 3, and perhaps Group 6, settle down to continu, 
production. Another mechanism has come into operation blocking the c 
in certain groups, the result being that the thoracic glands remain inacq 
during diapause. There is good evidence (Cragg and Cole, 1952) that} 
sensitivity of this mechanism is maternally determined. 


In conclusion the author wishes to thank Drs. A. R. Hill and D. G. Cochy 
of the Department of Zoology, University of Glasgow, for their advice | 
encouragement; Dr. H. F. Steedman and Mr. J. B. Cowey (also of this depi 
ment) for advice on staining techniques; and Mr W. F. Smith for vali 
technical assistance. 


TABLE I | 


Staining characteristics of brain neurosecretory cells in the larva of L. cae: 
during diapause | 


Staining | 
procedure Group I | Group 2| Group 3 Group 4 Group 5 | Grou) 
chrome- + — + uniformly | uniformly 
haematoxylin-| grey-blue blue-black | phloxino- | phloxino- 
phloxin phil phil 
alcian blue + — — uniformly | uniformly | 
neutral red blue-green red red 
alcian blue + — — uniformly | uniformly | 
haemalum- eosino- eosino- | 
eosin phil phil | 
! 
Sudan black as + 5 ais Saat 
B granules uniform 
toluidin + + + orthochro- + + 
blue beta beta matic beta beta | 
PAS after = = Be ai eae | 
diastase uniform | uniform | 
acid — = = a ae 


diazonium 


Fraser—Neurosecretion in Larva of Lucilia 393 


TABLE 2 


aining characteristics of brain neurosecretory cells in the larva of L. caesar 
during the prepupal phase 


Staining 


procedure Group T 

me- 26 es eo ree eee 
lematoxylin- | blue-black} blue- 
vloxin black 


Group 2 


n blue fe 
iemalum- 
sin 


te — 
stase 


cytoplasm | cytoplasm 
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Neurosecretory Cells in the Abdominal Ganglia of 
Larvae of Lucilia caesar (Diptera) 


. _ By ALASTAIR FRASER 


(From the Department of Zoology, University of Glasgow) 


SUMMARY 


en neurosecretory cells can be found in each of the first 5 abdominal ganglia of the 
a of L. caesar L. 'These are arranged as two lateral pairs and a single ventral cell 
ach half of a ganglion. Half the lateral cells go through a cycle of secretory activity 
ore pupation in developing larvae. In diapause larvae while half the lateral cells are 
resting phase the remainder are in various stages of secretory activity. The destina- 

of the product is not known. Chemically this product is, unlike that of brain 
rosecretory cells, PAS-positive. It may contain a glyco- or phospholipid or lipopro- 
component. 


INTRODUCTION 


CCOUNTS of neurosecretory cells in the ventral ganglia of insects are 
very rare in comparison with the numerous descriptions which exist of 
h cells in insect brains. They were first noted in the ventral ganglia of 
idoptera by Day (1940), and were described in a cockroach by Scharrer 
41). Their occurrence has since been observed in the sub-oesophageal 
glia of Ephemeroptera (Arvy and Gabe, 1952 a, 6), of Odonata (Arvy and 
be, 1952c), of Tenebrio (Arvy and Gabe, 1953), of Bombyx mori (Bounhiol, 
and Gabe, 1953), and of Jphita (Hemiptera) by Nayar (1953). Lhoste 
53) indicated that the ganglia of the ventral nervous system of Forficula 
tained neurosecretory cells but he did not describe them. Wigglesworth 
55), discussing humoral stimuli concerned in the breakdown of the thoracic 
nd of Rhodnius, suggested that ‘perhaps the neurosecretory cells which are 
conspicuous in the thoracic and abdominal ganglia of Rhodnius and other 
ects may be concerned’. 

eurones are identified in this study as neuro-secretory cells by their 
rphological similarity to certain brain-cells of this kind, by their staining 
racteristics, and by the evidence in some of the axonal transport of 
retory granules. 


i 


MATERIAL AND METHODS 


Serial sections were prepared from material fixed in Bouin, embedded in 
er wax, and cut at 6 . Sections of the ganglia of larvae in diapause were 
ined with chrome-haematoxylin-phloxin (Gomori, 1941) and paraldehyde- 
hsin (Halmi, 1952), in both cases after oxidation with potassium perman- 
ate. The histochemical tests employed were alcian blue with neutral red 
haemalum-eosin counterstaining (Steedman, 1950); periodic acid / Schiff 
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(PAS) with and without pretreatment of sections with diastase (McMamt 
1946); and toluidin blue for metachromasia (Pearse, 1953). McManu 
Sudan black B test for lipids (Pearse, 1953) was applied to material fixed i 
formaldehyde-calcium solution. Ganglia of non-diapause prepupae, killed 


\ #/ | Sask = contex 


oc * | 


cell 2 Type 


cell 5 cell 4 Type 


Fic. 1. Transverse section of the first abdominal ganglion of a larva of L. caesar, showing ti 
distribution of neurosecretory cells. (From a camera lucida drawing.) 


5 stages between the cessation of feeding and puparium formation, we: 
sectioned and stained with paraldehyde-fuchsin and the PAS test was applia 
to these also. 


RESULTS 


Neurosecretory cells could not be identified in the sub-oesophageal | 
thoracic ganglia of L. caesar larvae. A few phloxinophil cells were seen in th 
sub-oesophageal ganglia of diapause larvae. These might have been in a restitl 
state, like Group 4 cells in the brain (Fraser, 1957), but there was no eviden; 
of a secretory function in the non-diapause prepupal ganglia. | 

Neurosecretory cells occur in abdominal ganglia 1 to 5. These are pyriforn 
unipolar neurones measuring 20 to 25 long by 10 to 14» wide and havi 
central nucleus about 8 « in diameter. These cells are symmetrically re | 
in each ganglion (fig. 1). Four lie on each side at the ventrolateral angle of t 
ganglion (cells 1-4) and one on each side in a ventral position (cell 5). TH 
four lateral cells can be separated into an upper posterior (cells 1 and 2) ar 
a lower anterior pair (cells 3 and 4). Activity of the corresponding cells on ead 
side is normally, though not invariably, in phase. The lateral cells in whit 
granules of product are found are classified as Type A and those lacking sud 
a product as Type B. Cells 1 and 2 are usually Type A and cells 3 and 4 Tyy 


| 
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put any pair may be of the first type and, rarely, 3 of the 4 lateral cells are 
ne type. 


rosecretory cells in abdominal ganglia of diapause larvae 


N sections stained with paraldehyde-fuchsin, secretory granules are found 
ype A cells and in cell 5. In cell 5 the granules are rather small (up to 
f), Separate, and distinct, and the general facies resembles that of a brain- 
belonging to Group 6 (Fraser, 1957). Insome Type A cells there is a high 
centration of minute granules (about 0-25 ) while in others the granules 
large (up to 0-75 x) and very distinct, but the total quantity of product 
ears to be less in the latter. The association of granules with vacuoles, 
able in most groups of brain neurosecretory cells, is also found in Type A 
s. The cytoplasm of Type B cells is uncoloured by paraldehyde fuchsin 
there are no positively stained inclusions. There are several large vacuoles 
ach cell. 
ter chrome-haematoxylin-phloxin staining the cytoplasm of Type B cells 
ves to be strongly and uniformly phloxinophil. In this they resemble brain 
up 4 cells in diapause. The Type A cells may contain very distinct blue- 
ck granules; the rest of the cell, apart from the nucleus, is completely 
tained. Alternatively, the granules may be minute and less easily discernible 
inst a grey-purple ground cytoplasm. 
he cells with large distinct granules detected by both staining procedures 
oubtedly correspond. The ventral cell 5 is not differentiated by the second 
n; this is also true of brain Group 6 cells. 
he secretory granules of ‘Type A cells do not have a selective affinity for 
an blue, but they are PAS-positive. Pretreatment with diastase proves that 
carbohydrate component is not glycogen. Sudanophil granules are usually 
nd in two of the lateral neurones. These are certainly Type A cells. Sudan- 
il material occurs in variable amounts in other neurones but does not 
respond in form, concentration, or distribution to the granules found in 
pe A. With toluidin blue the Type A cells stain orthochromatically but the 
pe B cells exhibit metachromasia (beta): they stain a uniform violet colour. 
e cytoplasm of the B cells contains an appreciable concentration of a sub- 
ce not found in any other neurones in the ganglia. This substance cannot 
a mucoprotein or mucopolysaccharide since it is not PAS-positive. The 
ults obtained with Type A cells are consistent (Pearse, 1953) with the 
sence in the granular product of a glyco- or phospholipid or lipoprotein 
ponent. 


urosecretory cells in the abdominal ganglia of non-diapause larvae 


he first signs of neurosecretory activity appear about 8 h after the cessa- 
n of feeding, in the first abdominal ganglion. With paraldehyde fuchsin 
ining a varying density of small granules can be seen in Type A cells; but 
pe B cells, identifiable by position and structure, are not selectively 
oured. Within 3 days (at 25° C) the full complement of 20 Type A cells can 
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be counted. These contain large separate granules, 0-5 to 0°75 w in size. Int 
final stage of prepupal life, as the white pupa forms, the amount of produ 
in the cells is diminished and the number of cells of this type has decreasedf 
an average of 15. Type A cells have been found in these ganglia in positioy 
1 and 2, rand 3, and 3 and 4, the other two laterals being in each case Type 
Only 3 or 4 cells that contain positive granules have been found, per indiy 
dual, in the cell 5 position. 

The granules in Type A cells are again stained blue with chrome-haemij 
toxylin while the cytoplasm of Type B cells is, as in diapause ganglia, u 
formly phloxinophil. The histochemical tests indicate that the product 
again sudanophil and strongly PAS-positive. 


CONCLUSIONS 


The axons of these cells take a circuitous route when they enter the medul 
and it has not proved possible so far to trace an axon into its nerve. Itt 
improbable that the destination of the granules, seen in axons in numeroy 
sections, is a neurohaemal organ. The lateral and dorsal abdominal nerves 
these ganglia all appear to terminate in the muscles of the body-wall andj 
seems possible, in the light of Finlayson’s (1956) work on the abdomim 
muscles of Lepidoptera, that the secretion of these cells plays some part | 
the degeneration and regeneration of these muscles during metamorphoss 

The two variants of Type A cells noted in diapause larvae might be fun 
tionally different cells, but as the non-diapause material shows, they probab 
represent different phases in the secretory cycle of similar cells. The Types 
cell may represent either a resting phase in the cycle of a Type A cell 0 
functionally different kind of cell, which is inactive in both types of prepup# 
but due to function later in the individual’s life, or active but producingg 
non-granular or colloid phloxinophil secretion. If the author’s interpretatial 
of the state of Group 4 brain cells during diapause (Fraser, 1957) is accepted 
then it can be concluded that the Type B cell is in the resting state. The f. ” 
that any one of the 4 lateral cells, each of which has a fixed and defini, 
location in the ganglion, may belong to either category indicates that A and} 
do in fact represent two aspects of a single type of cell. 

Those cells which are active in the ganglia of non-diapause prepupae ¢ 
through a cycle of activity which appears to be synchronous with the prd 
pupation phase of activity in brain neurosecretory cells. The cells which a¥ 
active during diapause produce a secretion which is chemically similar to ii 
found in developing prepupae. They appear to be capable of monotonow 
activity but this is not sustained for the duration of diapause by all celll 
Hence during diapause any one of the 4 lateral cells may be found in t 
resting state or may correspond in appearance with the waxing or wani 
phases of activity of cells in non-diapause prepupae. 

Gabe’s (1954) general statement that the neurosecretory product of inseci 
has a carbohydrate component other than glycogen does not hold in the cag 
of brain cells but is true for those in the abdominal ganglia, which are the on 


I wish to record my gratitude to Dr. A. R. Hill for his assistance and 
couragement and to Mr. W. F. Smith for technical assistance. 
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The Connective Tissue Sheath of the Locust Nervous 
System: A Histochemical Study 


By DOREEN E. ASHHURST 


(From the Department of Zoology, The University, Manchester) 


SUMMARY 


The connective tissue sheath surrounding the nervous system of Locusta migratoria 
as been studied histochemically. It consists of an outer non-cellular layer, the neural 
mella, and an inner layer of cells, the sheath-cells. 

The neural lamella has been identified as being composed of a collagen-type protein 
nd neutral mucopolysaccharide on the evidence of its histochemical reactions and the 
dentification of hydroxyproline by paper chromatography in a hydrolysate of the 
eural lamella. 


The sheath-cells possess large numbers of lipochondria composed of phospholipids 
nd cerebrosides, and small spherical mitochondria. The cytoplasm also contains 
ipids (some of which may be cerebrosides), glycogen, and RNA. 


INTRODUCTION 


ODIUM and potassium ions are always found in the body fluids of 
animals, a much higher concentration of sodium than potassium ions 
ormally being present. Some insects, however, are peculiar in having very 
ow concentrations of sodium ions, but high concentrations of potassium 
fons; in certain cases, less sodium than potassium may be present. Boné 
1944) correlated the relative amounts of sodium and potassium ions in 
ansect haemolymph with the feeding habits of the insect. He concluded that 
erbivorous insects have a very low sodium and a high potassium concentra- 
ion, whereas omnivorous and carnivorous insects have the more usual 
igher sodium concentration. 


These unusual sodium and potassium ratios might be expected to affect 
arious physiological processes and especially those concerned with conduc- 
ion in the nerves and muscles. The normal concentration of potassium ions 
n some insects is higher than that which would block conduction in crusta- 
ean or vertebrate nerves and this, together with the very low sodium con- 
entration, led to the suggestion that conduction in insects involves a 

echanism different from that in other animals (Hodgkin, 1951). Hoyle 
1952, 1953) found that potassium concentrations of 70 mM had no effect 
mn the action potential of the nerves of Locusta migratoria, but if saline 
ontaining 40 mM of potassium was injected under the sheath which 
urrounds the nervous system, conduction was blocked. From these observa- 
tions it was concluded that the connective tissue sheath acts as a barrier, 
electively permeable to ions, maintaining a constant ionic environment 
around the neurones and their axons; therefore, the nerves are not affected 
y the ionic concentrations in the haemolymph. 
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The sheath in the locust consists of two layers, an outer homogeneous 
non-cellular layer, with an inner layer of flattened cells (Hoyle, 1952). Littl 
is known of the chemical nature of the outer layer, nor of the underlying cell 
in the locust, but there is evidence that the outer layer of some other insect 
may contain collagen and some mucopolysaccharides (Baccetti, 1955, 19564 
1957; Richards and Schneider, 1958). This paper is an account of a histo# 
chemical, study of this sheath in L. migratoria. 


NOMENCLATURE 


Several different terms have been used for the two layers of the sheath 
The outer, non-cellular layer has most commonly been called the neuray 
lamella (Schneider, 1902; Scharrer, 1939; Wigglesworth, 1950; Hoyle, 19528 
Imms, 1957; Hess, 1958), but it has also been referred to as the perilemm: 
(Wigglesworth, 1956; Smith and Wigglesworth, 1959) and the ‘guain: 
neurale’ (Baccetti, 1955). A similar situation exists for the underlying cell 
since they have been called either the perineurium (Schneider, 1902; Scharre 
1939; Wigglesworth, 1950, 1956; Baccetti, 1955), the epineurium (Immss 
1957), or the perilemma (Hoyle, 1952; Hess, 1958). ‘The two layers togethex 
have been called the perilemma (Scharrer, 1939; Baccetti, 1955) and tha 
epineurium (Imms, 1925), while the developing sheath has been called th 
neurilemma (Eastham, 1930; Roonwal, 1937; Johannsen and Butt, 1941). 

In this paper it is proposed to use the term ‘neural lamella’ for the oute 
non-cellular layer. The underlying layer of cells will be referred to simply 
as the sheath-cells. It is suggested that the terms ‘perineurium’ and ‘epi 
neurium’, which are used for different connective tissue layers in vertebratd 
nerves, should not be used, since the insect nerve-sheath is not homologous 
with that found in vertebrates. 


(iI 


METHODS 


The connective tissue sheath has been investigated in the metathoracid 
ganglion and the abdominal region of the nerve cord in L. migratoria. The 
locusts were kindly supplied by the Anti-Locust Research Centre, London.| 

The ganglia and nerve-cords were fixed in a variety of fixatives and ther, 
embedded in either paraffin wax, celloidin, or gelatin. The sectioned material 
was stained by a routine histological method or subjected to histochemicat 
tests. ‘The details of the procedures used appear in the appendix. Some livia 
material was examined after staining with vital dyes. 

The amino-acid composition of the neural lamella was analysed by paper 
chromatography. The neural lamella of the meso- and meta-thoracic andl 
was separated from the underlying cells; histological examination showed 
that the neural lamella could not be dissected entirely free from cells, but thé 
cells dissected away were free from contamination by the neural lamellat 
As a control, therefore, the amino-acids of the cells were also analysed and 
the two analyses compared. After the cells and neural lamellae of about 4 
ganglia had been separated, they were hydrolysed in 6 N hydrochloric acic 
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oo” C for approximately 16 h. The hydrolysates were evaporated to dry- 
under reduced pressure, redissolved in 10°, iso-propyl alcohol, and then 
lied to No. 1 Whatman chromatography paper. The chromatogram was 
-dimensional; the first solvent being a mixture of butanol, acetic acid and 
er (40-10-50) and the second phenol saturated with water. The chromato- 
were sprayed with a mixture of isatin and ninhydrin in butanol (after 
or and Roberts, 1957) to make the amino-acid spots visible. 


RESULTS 
cture of the connective tissue sheath 


oyle (1952) describes the sheath as consisting of two layers, the outer 
ral lamella and the inner sheath-cells, with a tracheolated membrane on 
outer surface of the neural lamella. The two layers of the sheath are clearly 
ble in sections, but a tracheolated membrane has not been observed. 
re are, however, tracheae forming a network over the surface of the 
glia and nerves, but this network is not a continuous membrane surround- 
the nervous system. 

he neural lamella is about 7 thick around the metathoracic ganglion 
3 4 round the ventral nerve-cord. It is clearly differentiated from the 
s by trichrome staining methods. It is non-cellular and homogeneous; 
structure was visible in the light microscope with the methods used in 
study. 

he sheath-cells (figs. 1 and 2) form a continuous layer under the neural 
ella, about 4 to 15 uw thick. The cell boundaries are not clear as the cells 
irregularly shaped. The nuclei are approximately 8 « in diameter. The 
plasm contains many lipochondria of different sizes, ranging from 1 » to 
in diameter. They have a tendency to congregate in the region of the 
adjacent to the neural lamella. The mitochondria can be seen after vital 
ning with Janus green and in preparations made by Baker’s (1957) HPO 
nique. They are all spherical bodies, about 0-5 4 in diameter. ‘They are 
ributed in all regions of the cells, but are not very numerous. 


stochemistry of the neural lamella 


Jarbohydrates. Some sections were tested with the periodic acid / Schiff 
\S) test which indicates the presence of carbohydrate groupings. The 
iral lamella is strongly positive. The reaction is not reduced by previous 
ubation in saliva; this indicates that glycogen is not causing the reaction. 
ubation with hyaluronidase does not affect the result; it seems, then, that 
iluronic acid is not the cause of the positive PAS reaction. The neural 
ella is PAS negative if the periodic acid treatment is omitted ; therefore 
‘positive reaction is not due to free aldehydes present in the tissue. These 
ults suggest that a mucopolysaccharide is present in the neural lamella. 

[o find out if any acid mucopolysaccharide is present, some sections 
e treated with toluidine blue, because acid mucopolysaccharides are 


404 Ashhurst—The Connective Tissue Sheath of the 


metachromatic. But metachromasy does not occur in the neural lamella 
so acid mucopolysaccharides are probably not present. After treatment wi 
concentrated sulphuric acid (Lison, 1953), the neural lamella beco. 
intensely metachromatic and this suggests that most of the mucop 
saccharide present must be neutral. 


nucleus of connective tissue cell 


“Ate ; neurones 
within ganglion 


neural lamella 


sheath cell nucleus 


10 


sheath cells 


Fic. 1. A diagrammatic section of part of the metathoracic ganglion of Locusta migratory 


This was further checked by estimating the basiphilia of the neural lame} 
by means of the methylene blue extinction test (Pearse, 1953); the ability) 
bind methylene blue at low pH, i.e. pH 2, indicates the presence of aq 
mucopolysaccharides or nucleic acids. In this case, the neural lamella dd 
not stain with methylene blue below pH 5, and this again suggests that va 
little, if any, acid mucopolysaccharide is present. 

Lipids. ‘The neural lamella is not coloured by Sudan black B, nor does} 
give a positive result with the acid haematein test for phospholipids (Bak 
1946). Recent work has indicated that some lipids may not be in a detecta 
form after fixation in formaldehyde-calcium, since more lipids can be demo 
strated in cells which have been fixed in a fixative containing chromic a 
(Bradbury and Clayton, 1958). Several procedures for ‘masked lipids’, wie 
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be described in greater detail later, were used, but still no lipid could be 
cted in the neural lamella. Therefore, if the neural lamella does contain 
lipid, it must be in amounts too small to be detected by these histo- 
ical techniques. 

roteis. The cytochemical reaction for proteins described by Barnard and 
ielli (1956), involving the coupling of proteins with a diazonium com- 


nucleus 


[e) 
OC). 
Oo 

(Oem mitochondria 


ao 


neural 
lamella 


lipochondria 


: 10 p 


Fic. 2. A diagram to show the neural lamella and the cytoplasrnic inclusions of the. 
sheath-cells 


nd, gives a positive result with sections of the neural lamella. This coup- 
reaction may be prevented by prior treatment of the sections with benzoyl 
yxide, except in the nuclei and in other special cases, for example, collagen 
‘nard, personal communication), where it is not blocked by benzoylation. 
yas, therefore, interesting to find that the neural lamella is still positive 
he coupling reaction after benzoylation. It may be mentioned here that 
neural lamella is also positive to the PAS test after benzoylation, another 
acteristic of collagen (Barnard, personal communication). 

1 addition, the neural lamella gives a positive result with Baker’s (1947) 
ification of the Sakaguchi reaction for arginine and other guanidine 
vatives, which indicates that arginine is present. The results with the 
‘nitrite test for phenols, especially tyrosine (Baker, 1956), were negative 
3 Ee 
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and suggest that there can only be a small amount of tyrosine in the neur 
lamella. 

Conclusions. The results of the histochemical tests for proteins sugge 
that a collagen-type protein may be present in the neural lamella. This po 
sibility is supported by the results with the coupling reaction and also by i 
presence of arginine and the absence of large amounts of tyrosine in the neur 
lamella. Baker (1956) states that collagen is negative with the Hg / nitrite te 
and, furthermore, amino-acid analyses of various collagens show that it} 
usual for collagenous proteins to contain much more arginine than tyrost 
(Randall, 1953). 

Collagen is also associated with mucopolysaccharide (Jackson, 1954), b 
it is not yet certain how the protein and polysaccharide groups are link¢ 
together. As a result, collagen is found to be PAS-positive (Pearse, 195% 
and it is interesting that the neural lamella also is PAS-positive. Furthermow 
collagen does not contain appreciable quantities of lipid; nor does the neu | 
lamella. These results, therefore, indicate that the neural lamella may posse 
a collagen-type protein with associated neutral mucopolysaccharide. 


Histochemistry of the sheath-cells 


Carbohydrates. The cytoplasm is positive to the PAS reaction, the lipy 
chondria appearing more strongly positive than the rest of the cytoplas 
The reaction is reduced if the sections are first treated with saliva; glycogé 
is therefore present. ‘The reaction is negative if the periodic acid treatment 
omitted. 

Lipids. The lipids of the sheath-cells are rather complex in their distribi 
tion. In Sudan black preparations, there is a very dark coloration of the sheat 
cells. It can, however, be seen that the lipochondria are very darkly coloure 
whilst the cytoplasm is a much lighter colour. The same is true after colo 
tion with Sudan IV. 

The lipochondria are strongly positive to the acid haematein test (Baka 
1946), but the cytoplasm is negative and may still be coloured by Sudan I] 
This suggests that the lipochondria contain phospholipids and that the cyt 
plasm must possess other lipids. That the positive reaction in the lipochond1 
is due to the presence of phospholipids is confirmed by the negative resi 
after the pyridine extraction test. In the neurones, phospholipids in the lip) 
chondria are associated with cerebrosides (Shafiq and Casselman, 1954), ‘ 
seemed possible that a similar combination may occur in the sheath-cells. 
investigate this possibility some ganglia were fixed in either hot or cold aceto} 


and then tested for the presence of lipids with Sudan black. After cold acetol 


fixation, both the cytoplasm and lipochondria are still coloured by Sudi 
black, but after hot acetone, the cytoplasm is negative and the lipochondii 
only very faintly coloured. This suggests that cerebrosides are present | 
both the lipochondria and cytoplasm, since they are soluble in hot, but 


cold acetone (Casselman and Baker, 1955). These lipochondria may be call} 
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phos globules’, a name suggested by Baker (1957) for lipochondria 
‘ining cerebrosides and phospholipids. 
ere is recent evidence (Bradbury and Clayton, 1958) that after fixatives 
uning chromic acid, e.g. Flemming’s fluid, it is possible to detect more 
3 in cells. ‘This fixative was used and followed by the Sudan black and 
haematein tests, but no further lipid material could be detected. 
oteins. ‘The cytoplasmic inclusions cannot be differentiated from the 
of the cytoplasm after the protein tests. The cytoplasm and nuclei are 
ive with the coupling reaction, but after benzoylation the reaction is 
ive only in the nuclei. The Sakaguchi test for arginine (Baker, 1947) 
he Hg / nitrite test for tyrosine (Baker, 1956) are also positive in both the 
i and the cytoplasm. 
acids. ‘Vhe nuclei of the sheath-cells are Feulgen-positive after 
lysis with dilute hydrochloric acid, so it may be concluded that they 
in desoxyribose nucleic acid. The cytoplasm is strongly basiphil; this 
hown by the pyronin / methyl green technique (Jordan and Baker, 
' That the basiphilia is due mainly to the presence of ribonucleic acid in 
rytoplasm was shown by treating the sections first with ribonuclease 
ibury, 1956); the coloration with pyronin was then very much reduced. 
osphatases. The tests for acid and alkaline phosphatases (Gomori, 1952) 
negative results in the sheath-cells. 


matography 


‘droxyproline is generally supposed to occur in large amounts in both 
tebrate and vertebrate collagens, but only in small amounts elsewhere. 
re, if it is found that hydroxyproline is abundant in the neural lamella, 
reasonable to deduce that some collagen is present. 

iromatograms of both the neural lamella and the cell hydrolysates were 
loped as described earlier. The positions of the separated amino-acids 
demonstrated by spraying the chromatograms with an isatin and nin- 
in mixture, which has a greater specificity for hydroxyproline than either 
nt alone (Kolor and Roberts, 1957). The chromatogram of the neural 
ila hydrolysate showed a distinct hydroxyproline spot, which was identi- 
oy running an authentic sample of hydroxyproline on the same paper. 
cell hydrolysate gave a very faint hydroxyproline spot, but 150 applica- 
of the hydrolysate were put on the paper, whereas only 30 applications 
> neural lamella hydrolysate gave a very distinct spot. (Equal volumes of 
ydrolysates in iso-propyl alcohol were obtained at the beginning of the 
iment.) The much greater amount of hydroxyproline in the neural 
lla hydrolysate must be due mainly to the neural lamella and not to the 
minating cells. The presence of small amounts of hydroxyproline in the 
vydrolysate suggests that small amounts of collagen may be present in 
onnective tissue within the ganglion. 

e results of the amino-acid analyses, therefore, provide further evidence 
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for the presence in the neural lamella of collagen-type protein, since appr 
able amounts of hydroxyproline are found only in the neural lamella hydr 


sate. 
DISCUSSION 


The possibility that the neural lamella may be composed of collagen fil 
with associated mucopolysaccharide has been mentioned previously. Thi 
inferred from the histochemical evidence for the presence of proteins | 
mucopolysaccharide in the neural lamella and also from chromatogré 
showing the presence of the amino-acid, hydroxyproline. 

The mucopolysaccharide is thought to bind the collagen fibrils toget 
but it is not yet clear whether the protein and polysaccharide are cheng) 
linked or merely in association with each other. In developing collagg 
acid mucopolysaccharides are present; these have been identified as ¢ i 
droitin sulphate and hyaluronic acid and it is thought that they serve 
stabilize the collagen fibrils (Jackson, 1954). However, in the neural lam 
there is no detectable acid mucopolysaccharide. This fact does not exclugsy 
presence of collagen, since Williams (1957) found that the metachrom 
properties of the ground substance of mammalian collagen are reduced a 
matures, and Jackson (1957) found less sulphated mucopolysaccharides 
mature collagen. Neutral mucopolysaccharides are found in other collage 
and Consden and Brown (quoted by Ward, 1958) suggest that since neu 
mucopolysaccharides are not so readily removed as some other mucop 
saccharides, their association with the collagen must be very intimate. ” 
neural lamella is then almost certainly composed of a collagen-type pro 
in association with an unknown mucopolysaccharide. | 

The polysaccharide content of collagens is variable, but it is thought t 
a high content of polysaccharides confers a greater degree of plasticity) 
connective tissue fibres (Bradfield, 1950). Although no estimations of po 
saccharide content have been made in this case, the results suggest thal 
considerable amount is present. This would seem to agree with the mecha 
functions of the neural lamella which are to hold together the cells and axi 
of the nervous system and yet be flexible enough not to resist or impede 4 
movements of the body. 

It has generally been assumed that the neural lamella is secreted by} 
sheath-cells (Scharrer, 1939). There appears to be no direct evidence 4 
this. The origin of the sheath in the locust embryo is said to be from outl 
ganglion cells which form a layer of cells around the ganglion (Roon 
1937). The formation of the neural lamella is not mentioned in this study 
it probably develops at a stage later than has been studied. If it is secreted 
the sheath-cells, one might expect to find evidence for this in the e 
content of the cells: Bradfield (1946) suggested that alkaline phosphatat 
are associated in insects with cells concerned with the synthesis of fib 
proteins. But both acid and alkaline phosphatases appear to be absent fi i 
these cells, at least in the adult locusts used in this study. It must be 


re 
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ed that Day (1949) found alkaline phosphatases in the cerebral ganglion, 
mot in the ventral nerve-cord of adult L. migratoria. 
he identification of collagen in the locust is of special interest since 
e is very little reliable evidence for its presence in insect connective 
es. Rudall (1955) has identified collagen in the ventral nerve-cord of 
ids. Baccetti (1955) in a histochemical study of the sheath round the 
ous system of Anacridium aegyptium, rejected the possibility that collagen 
yesent in the neural lamella on his data, but later (Baccetti, 1956, 1957), 
h studies of the birefringent properties, he identified a collagen-type 
ein in the neural lamella of this insect. He found that the neural lamella 
. aegyptium could be divided into three regions; the narrow inner and 
regions being differentiated from the middle region by possessing 
neutral mucopolysaccharide, while the middle region has acid muco- 
saccharide. No such zonation of the neural lamella can be seen in the 
st, and no acid mucopolysaccharide is present. The cockroach, also, has 
eath similar to that of the locust (T'warog and Roeder, 1956); the neural 
Ila possesses occasional nuclei which are thought to represent fibro- 
s. This neural lamella was shown to be collagenous by Richards and 
eider (1958). Wigglesworth (1956) found that the neural lamella was 
i-positive in Rhodnius prolixus, which suggests a possible similarity with 
locust’s neural lamella. Moreover, electron micrographs of the neural 
llae of both the cockroach (Hess, 1958) and R. prolixus (Smith and 
plesworth, 1959) show fibres with a periodicity similar to that of verte- 
e collagen. A similar type of connective tissue sheath, the perineurium, 
listing of an outer layer with collagen fibres and an inner epithelial layer, 
jesent round vertebrate nerves. 
h addition to the structural similarity between the sheath in insects and 
perineurium in vertebrates, there appears to be also a similar function. 
Ire is evidence that the perineurium regulates the passage of ions into 
thibian nerves (Feng and Liu, 1949; Huxley and Stampfli, 1951; Krnjevic, 
|). But as Twarog and Roeder (1956) point out, the locust sheath is far 
> efficient than the vertebrate or cockroach sheath, since nerves in these 
hals are rapidly blocked by saline containing 50 mM of potassium 
tder, 1948), while 140 mM of potassium takes many hours to block 
bust nerve. The ionic regulation is in both directions across the sheath 
his explains why a block takes so long to occur in a sodium-free medium. 
layer of cells and not the neural lamella seems to be responsible for the 
+ regulation, since Krnjevié (1954) and Twarog and Roeder (1956) found 
|silver nitrate penetrating the sheath of frogs or cockroaches was accumu- 
| in the sheath-cells and did not go farther into the ganglion. Hoyle 
3) discovered that there was no ionic regulation in the locust ine the 
heal supply to the nervous system was severed; an observation which 
lests that regulation is an active process and hence would be more likely 
bcur in the sheath-cells than in the neural lamella. It has also been sug- 
td by these authors that the sheath has an osmo-regulatory function. 
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It may be mentioned that Edwards, Ruska, and de Harven (1958), 1 
electron microscope study of wasp peripheral nerves, in which they ideny 
the neural lamella as the basement membrane of the sheath-cells, or lem 
blast, suggest that this basement membrane may serve to maintain a consti 
ionic concentration at the plasma membrane of the cells, whilst the plas 
membrane is the selective ion barrier. If this is the correct sequence of eves 
the mucopolysaccharides of the neural lamella may be responsible for cl 
trolling the ionic concentration; there is recent evidence that mucopq 
saccharides might be concerned in the control of the passage of ions ace 
tissues (Bradbury, personal communication ; Hess, 1955; Kantor and Schubj 
1957): 

The connective tissue sheath seems to have, therefore, two functions: 
neural lamella encloses the nervous system and restricts it mechanically, 
possibly controls the flow of ions across it, whilst the cells form a selecy 
barrier to ions entering the nervous system. There is no apparent structi 
difference to account for the greater efficiency of the locust’s sheath compa 
to that of other animals. Perhaps the difference is due to the fact that} 
locust has under normal conditions to tolerate fluctuations in potasstum 
concentration not found in animals other than herbivorous insects (Hoyle, 19 


} 
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APPENDIX 
Table of methods and results 


Key: +++ =strong reaction. -++--++ = medium reaction. 
+ = weak reaction. — = no reaction. 


Test or technique Reference Sheath-cells Neural lamella 
Tasson Pantin, 1948 : red green 
{allory’s collagen Mallory and Wright, yellow blue 
stain 1924 f 
fallory’s trichrome | Mallory and Wright, red ue 
192 
[PO Taeiay BT mitochondria black colourless 
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Test or technique 


Carbohydrates 
PAS 
PAS with no oxida- 
tion 
PAS after saliva 
PAS after 
hyaluronidase 
PAS after 
benzoylation 
Toluidine blue 
Toluidine blue 
after sulphuric 
acid 
Methylene blue 
extinction 
Lipids 
Sudan IV 


Sudan black 
Acid haematein 


Acid haematein: 
pyridine extrac- 
tion 

Sudan black after 
cold acetone 

Sudan black after 
hot acetone 

Nile blue 


Leibermann 
Proteins 
Coupling reaction 


Coupling reaction 
after benzoylation 
Sakaguchi 
Hg / nitrite 
Nucleic acids 
Feulgen 


Feulgen control 

Pyronin / methyl 
green 

Pyronin / methyl 
green after 


RNAase 
Phosphatases 
Alkaline phos- 
phatase 
Acid phosphatase 


APPENDIX (cont.) 


Reference 


Pearse, 1953 


Baker, unpublished 
Lison, 1953 


Pearse, 1953 below pH 2:6 


lipochondria + + + 
cytoplasm + ++ 


Herxheimer, 1901 


Baker, 1945, 1949, | lipochondria + -+ + 
1956 cytoplasm + -++ 
Baker, 1946 lipochondria + + + 


cytoplasm — 
Baker, 1946 = 


Casselman and Baker, | lipochondria + + + 


1955 cytoplasm + + 
Casselman and Baker,| lipochondria + 
1955 cytoplasm — 
Cain, 1947 lipochondria blue 
cytoplasm blue 
Lison, 1953 


Barnard and Danielli, 
1956 

Barnard and Danielli, 
1956 

Baker, 1947 + 

Baker, 1956 + 


a. 
+ 


Feulgen and Rossen- 
beck, 1924 


nucleus + + 


Jordan and Baker, 


1955 
Bradbury, 1956 


Gomori, 1952 


Gomori, 1952 
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Histochemical Studies of Herpetomonas muscarum 


By G. P. DUTTA 
(From the Department of Biology, D.A.V. College, Fullundur City, Punjab, India) 


SUMMARY 


The cytoplasm of the ‘leptomonas form’ of Herpetomonas muscarum contains a 
irabasal body, mitochondria, and so-called ‘volutin’ granules. he parabasal body 
sists of neutral lipid (probably triglyceride), lipoprotein, and DNA. The mito- 
jondria are in the form of granules. The volutin granules are more numerous and 
aa than the mitochondria. The volutin granules appear to be composed of ribo- 
cleoprotein. Glycogen is dispersed homogeneously in the cytoplasm. The cytoplasm 
rich in RNA and protein. The nucleus is DNA-positive. Near the parabasal body 
ss a basal granule; a long flagellum arises from it. A flagellar vacuole lies near the 
ase of the flagellum. 


INTRODUCTION 


ANY genera of Trypanosomidae (Flagellata) have been investigated 
previously by both light and electron microscopy. 

Duboscq and Grassé (1933) homologized the parabasal body of the flagel- 
tes, consisting of chromophil and chromophobe parts, with the ‘Golgi 
paratus’. 

Berge (1942, 1946) described small ‘volutin’ granules composed of ribo- 
ucleoprotein in Trypanosome gambiense and T. evansi. Anderson and others 
956) described similar volutin granules in 7. equiperdum. Anderson and 
thers (1956) failed to identify mitochondria in this species by electron micro- 
sOpy. 

Causey (1927) regarded the parabasal body of Lezshmania brasiliensis as a 
erivative of the mitochondria. Sen Gupta and others (1953) described 
eutral red vacuoles, mitochondria, volutin granules, and kinetoplast as 
sparate cytoplasmic inclusions in the flagellate form of L. donovan. The 
inetoplast included a parabasal body, flagellar vacuole, and base of 
agellum with a terminal blepharoplast. Chang (1956), using the electron 
icroscope, described in L. donovani fine granules, vacuoles of various sizes, 
smiophil lipid droplets, and certain other bodies; the latter, according to 
im, might be mitochondria, but their internal structure was not clear. Guha 
ad others (1956) observed only bigger and smaller granules in this species, 
ad identified all of them as mitochondria. 
Fantham (1912) described a flagellum arising from the kinetonucleus in 
lerpetomonas pediculi. Wilson (1925) and Wenyon (1926) described in Herpe- 
monas sp. a ‘cone of fibrillae’ connecting the parabasal body with the 
lepharoplast. Grassé (1926) regarded a clear space surrounding the ‘kineto- 
ucleus’ or parabasal apparatus of Herpetomonasas the chromophobe substance. 
hajuria (1950) claimed that small granules, representing the ‘presubstance 
the true Golgi material (Hirsch, 1939), were budded off from the undifferen- 
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tiated lipoidal parabasal body of H. muscarum; they could be stained 
neutral red. He denied the presence of mitochondria in this species. | 

Prowazek (1904), Chatton and Leger (1911), and Kofoid and McCullt 
(1916) described axial filaments or fibres in the cytoplasm of some specie 
Herpetomonas. Kleinschmidt and Kinder (1950) described a fibrillar struct: 
in the periplast in 7. lewis¢ and T. brucei; Kraneveld and others (1951) : 
scribed nearly parallel, longitudinal fibrils in T. evansi; Meyer and Po 
(1954) described sub-pellicle fibres or striation in T. cruz; while Das Gu) 
and others (1954) observed myoneme fibrils in L. donovant. 


MATERIAL AND METHODS | 


| 


The ‘leptomonas’ forms of the flagellate H. muscarum (family 'Trypanot 
midae), obtained from the gut of house-fly, were examined in physiology 
solution (Baker, 1944) by phase-contrast microscopy. Janus green B a 
neutral red were used for supervital staining. 

For histochemical study, wet smears were employed. In some cases 1) 
gelatine or paraffin sections of the gut containing the specimens were e 
ployed. Details of the histochemical tests used are given in the Appena 
(pp. 418-19). 

Specimens were also fixed in Lewitsky, Champy, or Helly, and stat 
with Heidenhain’s haematoxylin or with acid fuchsine (Cain, 19480). 


RESULTS 


The results of the cytochemical tests are set out in full in the Appene 
(pp. 418-19). 

The cytoplasm contains a parabasal body, mitochondria, and so-call 
‘volutin’ granules. 

Parabasal body. 'This appears as a duplex structure consisting of a da 
externum and a light internum, in living specimens examined under t 
phase-contrast microscope. The externum of the parabasal body is darke 
by 2°% osmium tetroxide solution (fig. 1, A) and by Sudan black B (fig. 1, i 
mercuric-bromophenol blue colours it (fig. 1, c). By all these techniques 
appears crescentic. It appears blue in pyronin / methyl green preparatic 
(fig. 1, D), and stains with iron haematoxylin in material fixed in Lewitslh 
Champy, or Helly (fig. 1, E-G). It reacts positively to Feulgen’s test. 

The internum is not coloured by Sudan black even after the ‘unmaskii 
techniques’ of Ciaccio (1926) or Bradbury and Clayton (1958); in fact it 
negative to all the histochemical tests that were tried. | 

The evidence suggests that the externum of the duplex parabasal bo 
consists of neutral lipid (probably triglyceride), lipoprotein, and D 
Because of the presence of DNA, the parabasal body has been regar 
as a secondary nucleus or kinetonucleus by Fantham (1g12) and Gras 
(1926) in Herpetomonas, and by Sen Gupta and others (1953) in L. do 
vant. ‘The duplex nature of ‘kinetonucleus’ or parabasal body in Herpes 
monas was described by Grassé (1926) also. This parabasal body, containi! 
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DNA, cannot be homologized with the ‘Golgi apparatus’ as Duboscq and 


prassé (1933) suggested. The composition of the internum could not be 
etermined. 


parabaso/ 
mitochon- ? 
; volutin 
aie granules x Bnet 
mitochon=~ \. granules 
dria 
B G D E 
flagellum f 
ag oe mitochondria seat 
vacuo/e oe ba 


paraboso/ h}—nucleus 


body 


4 


Fic. 1. Camera lucida drawings of H. muscarum. A, fresh specimen treated with 2% osmium 

tetroxide. B, formaldehyde-calcium, postchromed, Sudan black. c, weak Bouin, pyridine 

extraction, mercuric-bromophenol blue. p, Zenker, pyronin G// methyl green. E and § 

Lewitsky, iron haematoxylin. G, Helly, iron haematoxylin. H, Helly, Cain’s acid fuchsine. 
1, formaldehyde-calcium, mercuric bromophenol blue. 


The basal body (blepharoplast) of the flagellum lies close to the parabasal 
body, and a flagellar vacuole lies on one side of the flagellum near its base 
(fig. 1, G). The basal body is stained by mercuric-bromophenol blue and also 
by iron haematoxylin. The ‘cone of fibrillae’, which connects the parabasal 
body with the blepharoplast according to Wilson (1925) and Wenyon (1926), 
could not be observed. 

Mitochondria. These are in the form of granules scattered irregularly in the 
cytoplasm, or sometimes they are arranged along the inner surface of the 
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periplast (fig. 1, F). They are larger than the volutin granules. ‘They are staid 
able by mitochondrial techniques (Janus green B; acid fuchsine (fig. 1, H} 
They are also darkly stained in iron haematoxylin preparations (fig. I, E-G) 

Khajuria (1950) denied the presence of mitochondria in this species. Studi) 
by electron microscopy (Anderson and others, 1956; Chang, 1956) have al: 
shown that mitochondria possessing the typical internal structure cannot 
identified with certainty in 7. equiperdum and L. donovani. | 

Guha and others (1956) and Sen Gupta and others (1953), however, hav 
identified mitochondria in L. donovani by cytochemical methods. The form; 
authors have employed specific enzymological tests, such as oxidation of tli 
Nadi reagent and reduction of tetrazolium; and their conclusion seems to li 
beyond doubt. Causey (1927) described the presence of mitochondria in 4 
brasiliensis. | 

It appears probable that in the family Trypanosomidae, mitochondria 
not possess the typical ultra-structure that can be identified with certainty 
electron microscopy. Future studies by electron microscopy will probab: 
establish with certainty the presence of mitochondria in these forms. 

‘Volutin’ granules. They are more numerous than the mitochondria and an 
evenly distributed in the cytoplasm. They are specifically stained red i 
pyronin / methyl green preparations (fig. 1, D). They are not coloured 
mercuric-bromophenol blue in material fixed in formaldehyde or formalde 
hyde-calcium (fig. 1, 1), but are stained darkly after extraction with lips 
solvents (fig. 1, C). Fixation of protein by formaldehyde is probably incom 
plete (compare Baker, 1958). 

The volutin granules are weakly stained in iron haematoxylin preparatior 
(fig. 1,F-G). They are not stained supervitally with Janus green B or neutral ree 

Positive reactions for RNA and protein suggest the presence of ribonuclec 
protein in them. Similar volutin granules composed of ribonucleoprotein ha 
been described in other genera of Trypanosomidae by Berge (1942, 1946) 
Anderson and others (1956), and Sen Gupta and others (1953). 

Nucleus. The nucleus is Feulgen-positive. It shows small dots arrange 
along the periphery of a ring when it is stained by methyl green in pyronin) 
methyl green preparations (fig. 1, D). 

Cytoplasm. 'The diffuse staining of the cytoplasm by pyronin and mercuric 
bromophenol blue suggests the presence of RNA and protein. Glycogen i 
uniformly dispersed in the cytoplasm. 

If supervital preparations are kept for a long time in neutral red, small ree 
vacuoles begin to appear in the cytoplasm. These vacuoles appear to be nev 
formations. Baker (1958) has described the appearance of similar vacuoles op 
prolonged treatment with neutral red. 

Periplast. ‘The periplast or pellicle covers the cytoplasm on all sides and 
shows nearly parallel longitudinal striations (fig. 1, F). Similar striations hav: 
been described by Prowazek (1904), Chatton and Leger (1911), Kofoid ana 
McCullock (1916), Kleinschmidt and Kinder (1950), Kraneveld and other’ 
(1951), Meyer and Porter (1954), and Das Gupta and others (1954). 
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| This work was carried out in the Zoological Laboratory of the Panjab 
Jniversity, Hoshiarpur, under the supervision of Professor Vishwa Nath, 
fead of the Department of Zoology, to whom I am greatly indebted for allow- 


ng me the necessary laboratory facilities. I thank Mr. Brij L. Gupta, Techni- 
ian to the Department, for help and suggestions. 
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A New Method for Staining Connective Tissue Fibres, 
with a Note on Liang’s Method for Nerve-fibres 


By G. OWEN 


(From the Department of Zoology, The University, Glasgow) 


With two plates (figs. 1 and 2) 


SUMMARY 


A new method of staining connective tissue fibres is described. The stain used 
alcohol-soluble aniline blue (spirit blue), after oxidation with potassium per- 
nganate. ‘The method is rapid and easy in application. Liang’s method for 
ining nerve-fibres is discussed briefly and its use in demonstrating the excretory 
tem of Fasciola described. 


INTRODUCTION 


NONNECTIVE tissue fibres, particularly the finer reticular fibres, are 
A often demonstrated by silver impregnation techniques. In the majority 
these methods the sections are first oxidized with potassium permanganate 
1 decolorized by a rinse in sulphurous acid before metallic impregnation. 
the method outlined here, sections are similarly treated with permanganate 
1 sulphurous acid, but this is followed by a brief period in alcohol-soluble 
line blue, a stain rarely used in histological techniques. While not the equal 
successful silver preparations, the method has proved simple and rapid in 
+, and demonstrates the distribution of connective tissue fibres in a variety 
animals. 

Fig. 1 illustrates the sub-epidermal region of A, a nemertine; B, Lumbricus; 
Dp, and £, Peripatus; and F, an ammocoete larva. The distribution of fibres 
the sub-epidermal region of a nemertine (Amphiporus) has been described 
detail by Cowey (1952) and it would appear that a somewhat similar system 
fibres occurs in the earthworm. After treatment with the aniline-blue 
thod outlined here, a system of fine reticular fibres can be demonstrated, 
ticularly in the region of the circular muscle-layer (fig. 1, B). Sections of 
ipatus and of ammocoete larvae treated in this way proved most interesting. 
I, C shows a section of Peripatus treated with Mallory’s triple stain. 
1eath the epidermis of the integument is a layer of connective tissue, 15 4 
sk, which colours blue and has a more or less homogenous appearance. 
er treatment with permanganate and spirit blue, the bulk of this layer 
yains colourless, or is coloured green if light green is used as a counterstain; 
traversing the layer can now be seen numerous ‘struts’ of fine fibres 
sured a deep blue (fig. 1, D). Beneath the epidermis these fibres are con- 
ious with those of the basement membrane, while internally they are con- 
ious with a system of fine anastomosing fibres surrounding the individual 
arterly Journal of Microscopical Science, Vol. 100, part 3, pp. 421-424, Sept. 1959.] 
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muscle-fibres (fig. 1, E). This connective tissue ‘skeleton’ of Pertpatus is 
considerable interest in the light of Manton’s (1958) discussion of habits a 
evolution of body design in the arthropods. A somewhat similar system 
fibres can be demonstrated in the sub-epidermal connective tissue of amn 
coete larvae (fig. 1, F). Figs. 2, A, B, C, illustrate preparations of varic 
vertebrate tissues. Fig. 2, A shows the fibres in the submucosa of the fro 
~ stomach; B, those of the muscularis externa of the small intestine of the c 
and c, those of the diaphragm of the cat. 

The advantages of the permanganate / spirit blue method are its simplic 
and its application to tissues fixed in a variety of fixatives. It is interesting 
note that the method also stains neurosecretory material with results son 
what similar to those obtained with the paraldehyde/ fuchsin technique (Ga 
1953). This stain was used earlier by Gomori (1950) for elastic fibres, wh 
are also demonstrated by the present.method (fig. 2, A). 


MrETHOD 
Solutions 
Oxidizing solution 
Potassium permanganate . =) nOESEe 
Conc. sulphuric acid : ey aa! 
Water . : , : .I00 ml 


This solution remains effective for approximately 2 h. The concentration 
potassium permanganate is not critical. 


Decolorizing solution 


Potassium bisulphite ‘ Minow 
Normal hydrochloric acid 7 eognl 
Water . : : : 200 ee 


Stain solution 


Alcohol-soluble aniline blue 


(‘michrome’ brand) . > O=1-0 2 
Aniline oil. . : » “Roun! 
70% alcohol . : :  OOsiul 


The concentration of the stain can be varied to suit various tissues. 
a Ree ele lee” 


Fic. 1 (plate). a, sub-epidermal region of a hoplonemertine. Fixed in Bouin’s fluid 
treated with potassium permanganate spirit blue. 

B, T.S. Lumbricus, showing connective tissue fibres traversing the layer of circular mus 
Fixed and stained as in a. 

c, T.S. Peripatus, showing the integument, connective tissue layer, and circular mu: 
Fixed in modified Bouin-Dubosq (Atkins, 1937) followed by Mallory’s triple stain. 

D, as C but treated with potassium permanganate / spirit blue in place of Mallory’s ts 
stain. Note the ‘strut’-like system of fibres traversing the layer of connective tissue. 

E, staining as D but showing the connexion between the ‘strut’-like fibres and the syste! 
fibres investing a circular muscle fibre. 


F, sub-epidermal region of an ammocoete larva. Fixed in Bouin’s fluid and stained as 3 


EGF 


OWEN 


G 


Fic. 2 


G. OWEN 
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Bring sections to water in the usual way. 

Oxidize in the potassium permanganate solution for 1 min. 

. Rinse in distilled water (30 sec). 

- Decolorize in sulphite solution (approximately 30 sec). 

. Rinse well in distilled water (1-2 min). 

. Stain in aniline blue (2 min). 

. Rinse in water to remove excess stain. 

. Transfer directly to absolute alcohol and differentiate (with some tissues 
this may take place rapidly). 

. Clear in xylene and mount in balsam. 


he tissues will have a general background colour of light blue while con- 
tive tissue fibres will be coloured intense blue. A solution of light green 
(o-5-1'0% in 1% aqueous acetic acid) may be used as a counterstain 
proximately 5 sec) after stage 7. If this is used, the time of differentiation 
bsolute alcohol is reduced. 


ng’s method of using the Schiff reaction for nerve staining 


iang (1947) reported a new method for staining nerve-fibres and endings 
h the Schiff reagent. This has been used in this Department and the follow- 
‘comments are of interest. It should be pointed out that the method has not 
»ved successful in demonstrating motor-nerve end-plates. Nevertheless, it 
3 provided a simple and rapid method of demonstrating the general distribu- 
n of nerve-fibres in a variety of animals and tissues. In particular, it has been 
2d successfully with bivalve and gastropod molluscs, animals in which it is 
toriously difficult to demonstrate the peripheral nervous system with the 
re familiar methylene blue and metallic impregnation techniques. Fig. 2, 
S a portion of a whole mount of the siphon of Buccinum (Gastropoda) 
spared by Mr. P. S. Maitland, of this Department, by using the Schiff 
gent. It demonstrates most clearly the rich innervation of this organ. For 
* preparation of whole mounts, or imbedding in wax and subsequent 
tioning, Liang recommended rapid dehydration in the alcohols. It has been 
ind, however, that the purple colour of the fine nerve-fibres is rapidly 
noved in both alcohol and cellosolve, and it is not possible to obtain suc- 
sful preparations in this way. Instead, tissues should be transferred directly 
several changes of absolute acetone and then to xylene. Mount in balsam 


1G. 2 (plate). a, submucosa of frog’s stomach. Fixed in 1% formic acid and treated with 
issium permanganate / spirit blue. Ne 
, muscularis externa of the small intestine of the cat. Fixed in Zenker’s fluid; staining as 


, diaphragm of cat. Fixed in 1% formic acid; staining as in A. Tr 

, excretory system of Fasciola hepatica (whole mount). Fixed in 1 % formic acid; staining 
Liang’s method but dehydrated in absolute acetone; cleared in xylene and mounted in 
am. : 

, siphon of Buccinum undatum showing nerve supply (whole mount). Treatment as in D. 
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or embed in wax. The whole mount of the siphon of Buccinum (fig. 2, E) \ 


prepared in this way. 

One further point is of interest. Fresh specimens of the liver fluke, Fasctc 
were subjected to Liang’s method but failed to show any trace of the nerve 
system. It was successful, however, in demonstrating in detail the excrete 
system, a portion of which is shown in fig. 2, D. The granular contents of 
peripheral excretory ducts are coloured an intense red. 
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Sections of Fresh Mammalian Nerve-trunks for 
Quantitative Studies: A Rapid Freezing Technique 


By PALaAWILEEAMS 
(From the Department of Anatomy, Guy’s Hospital Medical School, London) 


With three plates (figs. 2 to 4) 


SUMMARY 


Attempts to assess the effects of shrinkage and distortion inherent in the conven- 
nal histological procedures used during quantitative analysis of nerve structure have 
therto proved unsatisfactory. The evolution of a technique in which such effects are 
inimized is therefore desirable. 

A segment of fresh nerve, implanted in a mass of supporting tissue (fresh liver), is 
zen by a solid CO,/acetone mixture, and sectioning is subsequently performed in a 
ostat. The sections are flattened on pre-cooled slides, irrigated with saline, and 
hotographed. 

Regular, stable serial sections, 3 to 5 x in thickness, may be produced. Such sections 
ow typical internodal annuli of compact myelin, shearing defects of Schmidt— 
nterman type, and paranodal crenations of the myelin sheath. Occasional defects of 
eparation include rupture of isolated fibres, herniation of myelin, and the appearance 
myelin spheres. 

When studies involving precise measurement are contemplated, the use of orthodox 
nsmitted illumination, dark-ground illumination, and phase contrast is precluded 
diffraction effects and the occurrence of reverse-contrast haloes at the tissue inter- 
ces. Polarizing microscopy has proved satisfactory. 

It has been shown that estimates of the relative size of the axon and myelin sheath, 
tained from sections prepared in this manner, do not differ significantly from the 
lative sizes measured in fibres freshly teased in physiological saline (Wendell-Smith 
d Williams, 1959). 


INTRODUCTION 


HE earliest recognition of the essential fibrous nature of peripheral nerve 
(Monro, 1779; Fontana, 1781) was followed by sporadic attempts to 
termine the relative sizes of different component parts of various fibre 
opulations (Bidder and Volkmann, 1842; Schwalbe, 1882; Gaskell, 1886; 
chiller, 1889). 

The researches of Sherrington (1894) and Eccles and Sherrington (1930) on 
e innervation of skeletal muscle, and the efforts of Erlanger and Gasser 
937) to correlate structural features with the findings of electrophysiology, 
imulated interest in more systematic quantitative analyses of nerve structure. 
Determinations of the frequency distribution of diameters have been used 
y many investigators as a basis for the classification of nerve bundles. In such 
udies, the external diameter (i.e. the total diameter including the compact 
yelin sheath) of the individual fibres is estimated. ibe principal findings of 
ich investigations on muscle-nerves have been reviewed by Hinsey (1934), 


juarterly Journal of Microscopical Science, Vol. 100, part 3, pp. 425-431, Sept. 1959.] 
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Rexed (1944), Fernand and Young (1951), and Tiegs (1953); and on cutane 
nerves by Davenport and others (1934), Sanders and Young (1944), Lavar 
and others (1949, 1951), and Quilliam (1955, 1956). 

Factors which may operate in the determination and control of fibre 
meter during growth and regeneration have been considered by Aitken 
others (1947), Sanders and Voane (1944, 1945, 1946), and Fernand and Yo 
(1951). 

Diameter determinations have been of importance during studies of she 
birefringence (Schmitt and Bear, 1939; Taylor, 1942) and also in the attemp 
correlation of structure with physiological data (Erlanger and Gasser, 19% 
Hursh, 1939; Gasser, 1938, 1941; Grundfest, 1939, 1940; Gasser and Gru 
fest, 1939). Recent theoretical considerations of the structural basis of saltata 
conduction (Rushton, 1951) have emphasized the need for accurate inform 
tion concerning the relationships that may exist between axon diamet| 
thickness of myelin sheath, internodal distance, and the various dimensi 
of the nodal apparatus. 

Such investigations are dependent upon methods of linear measuremeé 
applied to various types of histological preparation. ‘Techniques commor 
employed include treatment with osmium tetroxide, the Alzheimer—Manr 
Haggqvist technique, and modifications of the Weigert—Pal technique. Quant 
tative assessments of the effects of shrinkage and distortion inherent in tha 
methods (Sherrington, 1894; Duncan, 1934; Arnell, 1936; Taylor, 194. 
Rexed, 1944; Sanders, 1948) provide conflicting results. Such effects 4 
minimized if methods of sectioning involving rapid freezing of the fre 
nerve-trunk are employed. Orthodox frozen sectioning methods (Arna 
1936; Rexed, 1944) have in general proved unsatisfactory. Undesirable fe 
tures of such sections (Rexed, 1944) include irregularity, excessive thickne 
(> 10 H) and a tendency to disrupt during subsequent processing. In additii 
there is instability of fibre contour, the difficulty of producing coms 
sections of a nerve-trunk, and the impossibility of serial sectioning. 

The technique to be described allows the production of regular, stab} 
serial sections, 3 to 5 » thick, of fresh nerve-trunks. 


MATERIAL AND METHOD 


The sciatic nerve, the sural nerve, and the nerve to the medial head of t 


gastrocnemius (N. eC M.) of the rabbit have been used throughout the prese 
investigation. 


The technique consists of: 


(1) preparation of blocks of supporting tissue (e.g. fresh liver); 
(2) implantation of the nerve segment in the supporting tissue; 
(3) freezing the block; 


(4) sectioning in a cryostat at —18° C; 
(5) section mounting, saline irrigation, and photomicrography. 


Preparation of supporting tissue blocks. The presence of a mass of supporti 


focks of fresh liver. Under nembutal anaesthesia the liver is removed and a 


} 


jock approximately 2% 1X1 cm prepared with a sharp scalpel. To facilitate 
matting, the liver should be supported on a plane glass surface (fig. 1, a). The 


IG. 1. Implantation of the nerve in supporting tissue. a, cutting the block of liver. B, 
reparation of the reception channel. C, D, implantation of the segment of nerve. E, block 
adhering to the side wall of a glass tube before freezing. 


iece of liver selected should be free from large radicles of the hepatic vascular 
ad duct systems, as these may cause difficulty during implantation and 
ibsequent sectioning. A channel to receive the nerve is prepared by passing 
straight cutting needle 10 to 12 times through the long axis of the block 
ig. 1, B). The diameter of the needle should be slightly in excess of that of the 
erve to be embedded. 

Implantation of the nerve. The nerve is gently freed and a fine silk ligature 
tached to its proximal extremity. Stripping of the perineurium is avoided as 
is results in damage to and subsequent detachment of superficial fibres. ‘The 
gment of nerve including the ligature is excised. The portion of nerve 
cluded proximal to the ligature should not exceed 2 mm in length. The 
raight needle is used to thread the ligature through the reception channel, 
id gentle traction on the ligature causes the nerve to be drawn into position 
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within the block (fig. 1, c, D). Gentleness is essential during this manceuy: 
Common causes of difficulty include inadequate preparation of the recepti 
channel and the use of a coarse ligature resulting in a bulky knot. 

Freezing. The block is placed against the side wall of a glass tube of suita 
dimensions (fig. 1, E). The tube is corked securely, immersed in a mixture 
acetone and solid carbon dioxide contained in a vacuum flask, left for 20 
and then transferred to the chamber of a cryostat. 

Sectioning. The cryostat used was similar to that described by Coo 
Leduc, and Kaplan (1951). It provides a large chamber controlled at —18° 
in which microtomy, section flattening, and attachment to slide are perform 
Standard forms of the Cambridge rocking microtome and the Cambrid: 
rotary-rocking microtome, each provided with a glass section-flattenit 
device (Coons and others, 1951), proved satisfactory. Sectioning is started | 
15 » and continued until the first few mm of the block have been remove; 
Cutting is then continued at the desired thickness (consecutive sections 
3 to 5 4 may be mounted with comparative ease). Individual sections a} 
placed on pre-cooled slides which have been stored in the cryostat an 
preliminary flattening effected by a few strokes of a fine camel-hair brus' 
The slide is removed from the cryostat. Section flattening and attachment * 
the slide are completed by a process of thawing induced by placing th 
ungloved finger on the reverse side of the slide. Excess moisture is allowed ° 
evaporate by exposure to the air at room temperature for a period of 1 + 
2 min. The section is irrigated with physiological saline and photomicrograph 
are taken. 


OBSERVATIONS AND DISCUSSION 


Various forms of microscopy have been employed to assist interpretation « 
the appearances of unstained sections prepared in the manner described. | 

Transmitted light. 'The appearance of a low-power view with Kéhler illv 
mination of a 5 transverse section of the sciatic nerve of the rabbit is shows 
in fig. 2, A. The supporting tissue, the continuity of the perineurium, and th 
regularity and integrity of the individual fascicles may be seen. Fig. 2, | 
illustrates a higher power view of the nerve to the medial head of the gastrd 
cnemius (N.G.M.). The only tissue-component to be visualized with ease : 
the sheath of compact myelin. The region of the axon is featureless an 
transparent, and the endoneurium, neurolemma, Schwann cell cytoplasni 
and nuclei are indistinguishable. A section through a typical internode show 
a regular annulus of myelin (fig. 3, B). The external and internal surfaces ¢ 
the myelin are not sharp, but present zones of diminished intensity, du 
largely to intense diffraction occurring at the tissue interfaces. The form ¢ 


Fic. 2 (plate). A, sciatic nerve of the rabbit, 54 transverse section; Kéhler illuminatio: 
The supporting tissue, the perineurium, and the regularity and integrity of the individu: 
fascicles may be seen. 


B, nervus gastrocnemius medialis of the rabbit, 5 transverse section; Kéhler illumination. 
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e diffraction gradients that occur at interfaces of this nature, and the 
sultant difficulties in the performance of precise measurement, have been 
scussed by Ross (1957). Where the plane of section has passed through a 
earing defect of Schmidt-Lanterman type (Robertson, 1958), the myelin 
eath appears as two well-defined, concentric laminae (figs 3, Hi, 1): 

The paranodal crenations of the myelin sheath that have been described in 
ed preparations by various workers (Ranvier, 1878; Key and Retzius, 1876; 
ageotte, me Hess and Young, 1952; Quilliam, 1956) may be observed 
23, E, F). 

Occasional fibres may show fragmentation of the sheath, herniation of the 
yelin, or the appearance of isolated myelin spheres (fig. 3, D, G, J). In well- 
epared sections such appearances are infrequent and a high incidence of 
ch forms may be taken as an index of inadequate preparation. 
Dark-ground illumination (fig. 4, a). With this form of illumination the 
tense scatter of light occurring at the external and internal surfaces of the 
mpact myelin is emphasized. 

Phase contrast (fig. 4, B). All the features described for ordinary transmitted 
umination may be appreciated. The axonal area appears homogeneous, and 
ere is no evidence of a periaxonic layer of Schwann-cell cytoplasm of the 
latively large proportions described by Esmond and Smith (1958). 

The precise external and internal limits of the zone of compact myelin are 
scured by the occurrence of reverse-contrast haloes, which accompany 
hase contrast techniques (Barer, 1956). 

Polarizing microscopy. The general optical properties and characteristic 
rms of anisotropy exhibited by vertebrate myelin sheaths under various 
perimental conditions have been discussed by Schmidt and Bear (1939). 
he internodal myelin sheath may be regarded as a system of positive uni- 
ial rodlets, the long axis and optic axis of each rodlet being coincident and 
aving a radial disposition. The general appearance of a fresh transverse 
ction of the N.G.M. of the rabbit, photographed between crossed polaroids 
ithout a compensator, is seen in fig. 3, A. The annuli of compact myelin are 
rightly illuminated but exhibit four points of extinction giving rise to the 
pical ‘Maltese-cross’ appearance (fig. 3, c). The axoplasm and endoneurium 
e not brightly illuminated. This observation is in keeping with the structural 


Fic. 3 (plate). Nervus gastrocnemius medialis of the rabbit, 54 transverse sections. A, 
olarized light. 
s, Kohler illumination. A group of internodes. Note the zones of diminished intensity at 
€ inner and outer surfaces of the myelin sheath. 
c, polarized light. A group of internodes. The Maltese cross of polarization is evident. 
p, Kohler illumination. Herniation of myelin. 
£, Kohler illumination. Paranodal crenations of the myelin sheath. 
-F, polarized light. Paranodal crenations of the myelin sheath. 
G, Kohler illumination. Ruptured fibres. 
H, Kohler illumination. Shearing defect of Schmidt-Lanterman type. 
I, polarized light. Shearing defect of Schmidt-Lanterman type. 
J, Kohler illumination. The formation of myelin spheres. 
The 1o0p scale applies to B-J. 
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organization and form of anisotropy exhibited by these structures. | 
illuminated segments of myelin present well-defined external and inter 
boundaries which contrast sharply with the dark background and facilit 
measurement. Estimates of external and internal fibre diameter are m 
from the centre of diametrically opposed luminous segments. ‘The appear 
of shearing defects of Schmidt-Lanterman type and also paranodal crenati 
when polarized light is used are seen in fig. 3, F, I. 

The views of Young (1945) and Lubinska (1952, 1954, 19564, 5) concerni 
the fluid nature of axoplasm and myelin might suggest that sections prepat 
in the manner described would be in an unstable state. Continued observati 
of individual sections shows, however, that fibre contour and size relatio; 
are unaltered for considerable periods after preparation, and only aft 
immersion in saline for several hours does a slow but progressive deteriorati 
occur. Possibly the method of preparation is accompanied by gelation of t} 
axoplasm and consequent preservation of form (Lubinska, 1952, 19564, 6). Hoy 
ever, it must be admitted that views concerning the physical properties | 
axoplasm and myelin in the natural state are still highly speculative. | 

When considering the use of such sections in quantitative studies it | 
important to know what relation they bear to other types of preparation an 
to the natural state. It has been shown that the size relations present in fre 
frozen sections do not differ significantly from those present in fibres careful 
teased in physiological saline. (Wendell-Smith and Williams, 1959.) 


I am indebted to Professor R. Warwick for continued interest and criticis 
The technical assistance and photography of Mr. A. N. Finch have be¢ 
invaluable during the evolution of the technique. The line diagram wi 
prepared by the Medical Illustrations Department, Guy’s Hospital. T 
work has been supported by a grant from the Central Research Fund, U 
versity of London. | 
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The Association of a Slime Bacterium with the Inner 
nvelope of the Egg of Dytiscus marginalis (Coleoptera), 
nd the less common Occurrence of a similar Bacterium 
on the Egg of D. semisulcatus 


By DOROTHY J. JACKSON 
(North Cliff, St. Andrews, Fife) 


With two plates (figs. 1 and 4) 


SUMMARY 


The egg of Dytiscus marginalis L. is laid under water in the mesophyll of the leaf of 
rious aquatic plants. The egg increases in size during development and this results 
the splitting of the chorion, the outer envelope of the egg, usually into two halves. 

e inner envelope of the egg, the vitelline membrane, then forms the only complete 
ell of the egg in its later stages. 

During the development of the embryo of D. marginalis the cysts of a slime bac- 
rium (myxobacteriale) appear in great numbers on the vitelline membrane along the 
rsal surface of the embryo and around each end of the egg. They are at first small 
d scattered, but by the time the larva hatches they are present in dense colonies. 
These bacterial cysts occur on eggs collected from water plants in ponds; but they 
velop just as readily on eggs obtained in the laboratory by placing the female D. 
arginalis in jars of tap-water with leaves that have never before been immersed in 
ter. 

Slime bacteria in the vegetative stage are carried in great numbers by the female 
. marginalis, as has been shown by trailing the apex of the abdomen of a living beetle 
er an agar culture, when swarms of the characteristic rod-like cells have been 
tained. Some of these bacteria will be transferred from the beetle to the egg during 
iposition. 

The bacterial cysts do not occur on unhealthy eggs and they rarely show normal 
evelopment on eggs parasitized by the mymarid, Caraphractus cinctus Walker. This 
iggests that their development is dependent upon the healthy growth of the Dytiscus 
nbryo. 

In the egg of D. semisulcatus Mill. the chorion remains in close contact with the 
telline membrane throughout embryonic development and only occasionally shows 
nall irregular cracks before hatching. On some eggs of this species a few scattered 
rsts of slime bacteria occur on the vitelline membrane. On occasional eggs they were 
ore numerous, but they were never observed to be present in sufficient numbers to 
rm the even covering which is so striking a feature of certain parts of the egg of D. 


arginalis. 


INTRODUCTION 


NOR some years I have been breeding the mymarid, Caraphractus cinctus 
3: Walker, on the eggs of various water beetles of the genera Agabus, Ilybius, 
olymbetes, and Dytiscus (Jackson, 1958). I have thus had occasion to examine 
e eggs of all these species closely at all stages of their development and I 


we been surprised to find that, in eggs of D. marginalis in which the embryo 


uarterly Journal of Microscopical Science, Vol. 100, part 3, pp. 433-443, Sept. 1959.] 
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was well developed or from which the larva had hatched, minute green 
spheres were almost invariably to be found in great numbers in any mic 

scopic preparation made of the egg envelopes (fig. I, A, B). The minute sphe 
were restricted to certain parts of the inner membrane, the vitelline membrar 
and they never occurred on the chorion. It was at first thought that th 

objects were algae, but they have now been identified by Dr. J. W. G. Lu 
and Miss V. G. Collins as cysts of one of the slime bacteria of the or 

Myxobacteriales. 

These bacterial cysts occurring on the Dytiscus egg do not appear ta 
comparable with the various micro-organisms, usually believed to be sy 
bionts, which occur intracellularly or intercellularly in a variety of insects, am 
which are transmitted from generation to generation in various ways (Buchne 
1953). Thus, the bacteria studied by Gier (1936) in roaches, and termed I 
him bacteroids, are present in certain cells (mycetocytes) in the fat-body. TT 
bacteroids also occur in the ovary, between the odcyte membrane and th 
follicle cells, and they later enter the egg cytoplasm. They retain their positi 
against the vitelline membrane after the egg is laid, and, as the emb 
develops, they move to the centre of the yolk. The slime bacterial cysts of th 
Dytiscus egg, on the contrary, have never been seen within the egg. They hay 
only been found upon the vitelline membrane, where they appear during tl 
later stages of embryonic development, and they persist on this membrar 
after the larva has hatched. In a variety of beetles which harbour yeasts ¢ 
bacteria internally, the eggs become smeared with micro-organisms durir 
oviposition, and the larvae on hatching eat a part of the contaminated she 
and so become infected (Buchner, 1953). This could not happen with tl 
Dytiscus larva since the larva is not in contact with the vitelline membrar 
before hatching, being completely enclosed in the embryonic cuticle (Jackso: 
1957). When about to hatch the larva throws back its head and suddenly spli 
both the embryonic cuticle and the vitelline membrane, aided by the eg; 
bursters on the frons (Balfour-Browne, 1913). It then bursts out of the eg 
into the water to seek its prey, and since it sucks the juices of its victim throug 
a groove in each mandible (after injection of a digestive fluid), there can ber 
question of contamination with slime bacteria during feeding. As will 1 
discussed later (p. 442) an external source of infection of the female Dytiscus 
indicated. 

Since the myxobacteriales are probably little known except to the specialis 
it may be of interest to mention that these organisms, called myxobacteria | 
slime bacteria, consist in the vegetative stage of flexible rod-like cells whic 
form a colony or swarm and multiply by transverse fission. According © 


Fic. 1 (plate). a, photomicrograph of a portion of the vitelline membrane of a hatched egg 
D. marginalis under low magnification, to show the distribution of the bacterial cysts. The’ 
shaped base of the rent made by the larva in hatching shows at the top right-hand side. Fre 
a glycerine jelly mount. 

B, photomicrograph of an area of the vitelline membrane from an egg of D. marginalis co 
taining an embryo larva, to show the bacterial cysts. Mounted in polyvinyl lactophenol. 


\ 


Jackson—Slime Bacteria on Egg of Dytiscus 435 


'gey and others (1948) the cells may form a group which moves as a unit 
a crawling or creeping motion away from the centre of the colony, and the 
ing cells pave the substrate with a thin layer of slime on which they rest. 
the fruiting-stage the rods ordinarily associate in clumps to form cysts, 
in the cysts, in some forms, the rods may become ovoid or cylindrical, 
ctioning as spores. . 
ost of the species have been obtained from soil and from the dung of 
ious animals, sometimes also from lichens or decaying leaves, bark, &c., 
ile some species of Cytophagaare marine. Most slime bacteria are saprophytic 
some are believed to be facultative parasites on various bacteria. One 
cies, Chondrococcus columnaris (Davis) Ordal and Rucker, is parasitic on 
, while Polyangium parasiticum Geitler is parasitic on an alga (Cladophora) 
wing in fresh water and forms its cysts always under water (Geitler, 1925). 
far as I am aware this is the first record of the occurrence of these bacterial 
ts on the egg of a water-beetle, and, though Blunck (1914) has described 
egg of D. marginalis in much detail, he makes no reference to them. I have 
nd similar cysts present, usually in very small numbers, on some eggs of 
semisulcatus, but I have never found them on the eggs of water-beetles 
onging to other genera, though the eggs of Agabus and Ilybius may be laid 
the same aquatic plants, those of J/ybius being similarly buried in the leaf 
ue. These bacterial cysts are more numerous on some eggs of D. marginalis 
n on others, but they show a fairly constant orientation on the vitelline 
mbrane. Before describing their position it will be necessary to refer to 
principal changes occurring in the envelopes of the egg of D. marginalis 
Mm oviposition to hatching. The condition of these envelopes in the egg of 
semisulcatus will be dealt with later. 


Dyrtiscus marcinatis L. 


viposition. As is well known, the female D. marginalis inserts her egg by 
ans of her powerful cutting ovipositor in the tissues of various plants 
wing under water. The process of laying has been described and figured 
Blunck (1913) and his observations are included in Korschelt’s monograph 
24). The long egg is so inserted in the mesophyll of the leaf that it is hidden 
m view, but, as the egg swells during its development, the epidermis of the 
f becomes raised and the narrow slit through which the egg is laid widens 
reciably. It is thus usually possible in the later stages of development to 
the anterior end of the egg through this opening in the leaf (fig. 2). The 
is so inserted that the dorsal surface of the embryo is uppermost (on the 
ter side of an upright leaf), while the lower part of the head with the man- 
sles and other mouth-parts faces the inner part of the leaf. This is in accord- 
ce with Hallez’s law (1886), the orientation of the egg corresponding to that 
the mother, for, when laying, the beetle clasps the plant with its legs and 
ojects the egg into the tissues of the leaf in line with its body, so that the 
ad of the egg, dorsal side up, comes to lie under the slit made by the ovi- 
sitor. 
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The egg envelopes. In the newly laid egg of D. marginalis the chorion iss 
closely applied to the vitelline membrane that the two membranes can onl ' 
distinguished in parts by transmitted light. The micropylar area sli 
distinctly in the chorion as a round white spot at the anterior end of the i 
When newly laid the egg is surrounded with gelatinous cement which. stat 


pale green with methylene blue. The egg undergoes a great increase 1n Ss 
during development, and Blunck (1914, pp. 88-89) records that the egg swe 
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Fic. 2. Egg of D. marginalis, lateral view, with embryo, in leaf of Juncus articulatus L., 

show the opening in the epidermis of the leaf originally made by the ovipositor of female | 

extended by swelling of the egg. The chorion of one side of the egg may be seen through > 

leaf, while the vitelline membrane projects beyond it and now forms the ‘shell’ of the egg. 7 

egg-burster of one side shows as a V-shaped spine on the front of the head. From an egg fiz 
in picric acid in absolute alcohol. 


from 1-2 to 2°25 mm in diameter, and increases in length by more than 
millimetre. He states that in the course of embryonic development the chori 
becomes entirely detached from the vitelline membrane and cracks. I ha 
found that, as the egg increases in size, the chorion splits, usually into t 
equal halves, by a long slit down the dorsal and ventral surface of the embr 
The two halves of the chorion closely invest the sides of the egg, as is seen 
fig. 2, where the chorion of the right side shows. The two halves of the chori 
are readily overlooked, but when stained with methylene blue they show as t 
elongated, pale, greenish-blue, concave plates which together retain the origit 
shape of the egg. Sometimes they remain united posteriorly. The microp 
may remain attached to one side of the split chorion, or else it may break aw 
from the chorion and adhere only to the vitelline membrane (fig. 3, A). 
Unlike the chorion, the vitelline membrane is able to stretch considerab 
and it thus comes to form the only envelope entirely enclosing the egg in 
later stages (fig. 2). The egg then projects widely from the chorion, especia 
at the front end, and at this stage it is firm to touch, though the newly laid « 
is soft. According to Blunck (1914, p. 86) the vitelline membrane becomes 
firm consistency owing to the secretion by the serosa of chitin-like lamel 
which form a secondary vitelline membrane. This is the serosal cuti 
(Wigglesworth, 1950). ‘The vitelline membrane is entirely smooth except 
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:. 3. A, lateral view of hatched egg of D. marginalis still attached to leaf of Carex otrubae. 

e egg was lodged between the upper and lower epidermis, which have been torn away. 

ni-diagrammatic, as the hatched egg is collapsed and crumpled. B, dorsal view of another 

ched egg of D. marginalis, showing the chorion split up the dorsal side. Semi-dia- 
grammatic. 


: presence of the numerous bacterial cysts in certain areas at the time when 
: embryo is well formed. The chorion, on the other hand, has a slightly 
inulated texture owing to a faint embossing of very minute adjacent spots. 
ie chorion stains more deeply than the vitelline membrane with aceto- 
mine or methylene blue, and sometimes under natural conditions it takes 
a brown colour from withered leaves surrounding the egg and so appears 
shtly darker than the rest of the egg. If one removes an egg with an advanced 
bryo from the cavity in the leaf, the two halves of the chorion are often left 
uind adhering to the leaf tissue. 
21.3 Gg 
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When the larva hatches, it is the vitelline membrane that it ruptures, for 
ing a rent at the anterior pole of the egg, the rent being V-shaped on 
dorsal surface (figs. 1, A; 3, B). The embryonic cuticle which previo 
enclosed the embryo, surrounding the antennae, mouth-parts, and legs ia 
dividual sheaths, is left partially projecting from the egg as a delicate trai 
parent membrane (fig. 3, A, B). "This has already been described (Jackss 
1957). The larva then emerges through the widened slit in the epiderr 
of the leaf left by the beetle in laying. The shell of the egg, distended by 
larva, contracts after hatching, and the leaf tissue, raised up by the swell 
of the egg, collapses, so that hatched eggs are readily overlooked. 

It is hoped that the above account, based on the examination of many e: 
of D. marginalis, will make clear the principal facts regarding the m 
obvious changes in the envelopes of the egg during development, for so 
confusion has arisen on this subject in the literature. Wesenberg-Lund (19 
refers to the outer envelope as sticking close to the wall of the egg ca 
(Eiloge) and tearing as one opens the hole. He looks upon it merely as a lin 
of the cavity, but remarks that at one end it bears a small knob. I believe t 
supposed lining to be the chorion and the small knob the micropylar a 

The eggs under observation were laid from the end of March till the 4 
of June in 1957 and 1958. Oviposition in this species appears to be restric 
to spring and early summer. The incubation period during May was 17 
1g days in an unheated north room. 

Location of the bacterial cysts. 'The bacterial cysts do not show at all o 
newly laid egg or in an egg within 4 days of laying. The exact time of thi 
appearance has not been ascertained, but by the time the embryo is w 
formed, showing legs and ocelli, they are usually present (fig. 1, B). It is 1] 
easy to determine whether they appear on the vitelline membrane before 
after the chorion has split. Since the Dytiscus egg is so closely enveloped | 
the plant tissue it will readily be understood that it is by no means easy} 
ascertain at what moment the chorion splits, for however carefully a 
removes the epidermis of the leaf to uncover the egg, there is a danger# 
splitting the chorion in the process. Moreover the bacterial cysts in th 
early stages are very small and inconspicuous and are not readily seen itt 
living egg because of the opacity of the embryo, so that it is necessary to I 
the egg and to mount the vitelline membrane for microscopical examinatic 
However, in the few young eggs with intact chorion which I have examini 
I have failed to find the cysts, and I consider that it is most likely that the ; 


if 


) 


shaped bacteria gain access to the vitelline membrane after the chorion 

begun to crack, and that they then start cyst formation. The bacterial cysts 

usually largest and most numerous on the part of the vitelline membrai 
forming the head of the egg, the area which is exposed by the widening of t) 
initial cut in the epidermis of the leaf and which is left bare when the chorit 
splits. They also occur all along the dorsum of the embryo and round t) 
posterior pole. ‘They are thus chiefly located on the upper surface of the ‘nl 
egg exposed by the dorsal split in the chorion to the surrounding water a | 


B 
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osition to receive some light from the splitting of the leaf tissue as the egg 
‘lls. ‘They are not present on the ventral surface of the vitelline membrane 
ich is closely pressed to the leaf tissue. Towards the sides of the eggs, 
ere the bacterial cysts are few, they are much smaller (3 to 5 p in diameter), 
ile at the anterior pole of the egg they usually attain their largest size (10 pu 
diameter), and often occur together in twos or threes or fours (measuring 
to 36 w in length), and they may also form irregular groups (fig. 4, A, B). 
ring their early period of development on an egg they are small and 
ely scattered. After the Dytiscus larva has hatched, the bacterial cysts 
sist on the empty shell of the egg, and indeed appear to increase in size, 
it is on the hatched eggs that I have found the densest aggregates (figs. I, 
4, A, B). In preparations examined with an oil-immersion lens, Miss Collins 
recognized the rod-like bacteria between the cysts. 

ften a female D. marginalis will drop her eggs in the bottom of the jar 
tead of inserting them in plant tissue. Such dropped eggs would appear 
al to use for the study of the development of the bacterial cysts, but on such 
s the slime bacteria never develop. These dropped eggs invariably decay 
d become mouldy. They are probably infertile, as Joly (1945) suggests. 
Conditions under which cysts of the slime bacteria develop on the egg of D. 
irginalis. | have found these cysts present on eggs of D. marginalis collected 
ym a small pond at Gilston, Largoward, Fife. The eggs had been laid on 
neus articulatus L. under water. However, the cysts develop just as readily on 
gs laid in the laboratory. For my breeding experiments with Caraphractus 
was essential to get the Dytiscus females to lay eggs on plants that had not 
eviously grown in ponds, since plants collected from water might already 
ntain some stage of the mymarid. I have therefore used plants of F. articulatus 
ted from grassy areas where no water was lying and have grown them indoors 
tap water. Moreover I have frequently used the leaves of tall grasses, or of 
wex otrubae Podh., which had never been in water, and have plunged them in 
‘s of tap-water and introduced to each jar a laying Dytiscus female. No soil 
is placed in the jars. The beetles were fed principally on earthworms. Eggs 
sre deposited in the leaves under these conditions and usually developed 
rmally, provided the leaf was not too stiff to allow for the swelling of the 
gs. The eggs so obtained showed just as abundant colonies of slime bacterial 
sts as the eggs collected from ponds. It seemed to me probable that the 
cteria were carried by the beetle herself; so in early December I took a 
ing female to Miss Collins for investigation, with interesting results. 
Occurrence of bacteria on female D. marginalis. It was found by Miss 
llins that slime bacteria are present in enormous numbers on the female 
etle. They have been recovered in the rod stage by merely dipping the 


Fic. 4 (plate). a, photomicrograph of an area of the vitelline membrane from the hatched 
x of D. marginalis shown in fig. 1, A, with the cysts more highly magnified. 

3, photomicrograph of an area of the vitelline membrane of a hatched egg of D. marginalis 
ywing some bacterial cysts in large groups. Preparation stained in aceto-carmine and mounted 


euparal. 
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posterior extremity of the living beetle in sterile water. Moreover, by tr 
ing the apex of the abdomen of the female over an agar plate Miss Col 
obtained within 24 h swarms of the rod-shaped vegetative cells characteris 
of slime bacteria. She obtained the highest numbers of slime bacteria fri 
brushings of the posterior dorsal extremity of the beetle’s abdomen iil 
sterile tap-water and the subsequent plating of these on an agar plate. ‘ 
posterior segments of the beetle are normally covered by the elytra and bg 
dense setae, but the beetle protruded these segments on being touched. F¥ 
rod stages of the bacteria were recovered from the head and prothorax, whi 
are smooth apart from punctures, and devoid of bristles. 

Effect of parasitism by Caraphractus cinctus on the bacteria. When I 
observed these organisms on healthy eggs of Dytiscus, I was puzzled not 
have noticed them on various Dytiscus eggs which I had mounted wh 
parasitized with Caraphractus. From an examination of many parasitized egy 
in preservative or mounted, I have now found that the bacteria fail to deve 
normally on such eggs. A successfully parasitized Dytiscus egg may cont 
from 25 to 50 imagines of Caraphractus, and usually the entire contents of 
egg are consumed. Moreover, in eggs with many parasites the vitelline mer 
brane swells so that the chorion splits, just as in an egg in which a Dytisa 
embryo is developing. It would appear that the bacteria begin to develop | 
these eggs but find conditions unsuitable and perish. I have frequently foui 
the remains of colonies of bacterial cysts on parasitized eggs, but they 4 
brown and abnormal in appearance. Often only a sprinkling of brown dd 
may show at the anterior pole of the egg, while at other times the cysts 4 
certainly present, but each cyst is bordered with a brown ring and has not tt 
translucent, greenish appearance of healthy colonies. Only in one parasitizi 
egg I have examined did the organisms appear more nearly normal and t 
egg contained only 5 parasites of Caraphractus; so perhaps the conditiox 
were more suitable to the development of the bacteria. | 


i 


Dytiscus sEmisutcatus MULu | 


I collected a single female of this species at Tents Muir in Fife on | 
October 1958. It was placed with Juncus articulatus and began laying from t! 
end of October till February 1959. The eggs were inserted in the sheathit 
basal portion of the Juncus leaf and were orientated in the same way as tho 
of D. marginalis, with the dorsal surface upwards and the anterior end und 
the slit made by the ovipositor. It was surprising to find that, contrary to wh 
occurs in D. marginalis, the chorion remained in close contact with the vite 
line membrane throughout development. In some eggs small irregular longit/ 
dinal cracks were observed in the chorion, in others even these did not show 
and only rarely in a hatched egg did a piece of chorion become partial 
detached. Hatching occurs by the larva forcing an opening in the anterior er 
of the egg, through the combined vitelline membrane and chorion. The er 
just before hatching measures from 7-8 to 8-6 mm in length. After hatchit 
the shell contracts by more than 1 mm in length. The larva about an ho} 


(| 
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r hatching measures 18 mm, excluding the cerci. The embryonic cuticle 
ains within the egg but a small portion of it may project from the hole. 
incubation period of eggs laid in late October was about 3 weeks. 
acterial cysts. Many eggs laid by this female during the winter have been 
nined before and after hatching, but only on some eggs were bacterial 
s found and usually these were sparingly present and widely scattered. In 
case did they form the even and regular covering as on the egg of D. 
ginalis. Since the vitelline membrane in D. semisulcatus is so closely covered 
he transparent chorion, the location of the cysts could only be determined 
deeling off a strip of the chorion, when the cysts were found on the vitel- 
membrane below, just as in D. marginalis. The few cysts found showed 
ore definite wall than did the cysts on the egg of D. marginalis, but Miss 
lins considers that they belong to the same group of bacteria. 


DISCUSSION 


t has been shown that in the egg of D. marginalis, in which the chorion 
ts widely long before the larva hatches, the vitelline membrane is closely 
ered in certain areas with cysts of a slime bacterium. In the egg of D. 
sulcatus, on the contrary, the chorion closely surrounds the vitelline mem- 
ne throughout development, showing usually only a few small cracks; and 
terial cysts, when they are present, are usually few and widely scattered. 
ym this it seems probable that the vegetative stage of the bacterium gains 
ess to the vitelline membrane as the chorion cracks. It is known that the 
wale of D. marginalis carries these bacteria in great numbers at the apex of 
‘abdomen and it seems most likely that they are transferred during laying 
he gelatinous cement with which the female fastens the egg into the plant 
ue. As the chorion splits the bacteria will make their way on to the vitelline 
mbrane and there start cyst formation. This association between slime 
teria and the vitelline membrane is strikingly developed in the egg of D. 
rginalis, probably because the vitelline membrane in this species is so much 
yosed. 

t is too early to make any suggestions regarding the biological significance 
this association between Dytiscus eggs and slime bacteria. It may or may 
be a symbiotic association. In the egg of D. semisulcatus the bacterial cysts 
y not always be present, and when they occur they are usually few and 
lely scattered; yet the eggs develop normally. The egg of this species is 
tected throughout development by the chorion, while in the egg of Dz 
rginalis much of the vitelline membrane becomes exposed as the chorion 
its. According to Bergey and others (1948) the slime bacteria often appear 
ive in close association with various true bacteria and are probably parasitic 
on them. There is a possibility that the presence of the slime bacteria on 
, exposed areas of the vitelline membrane may afford protection against 
-mful bacteria. It is at least certain that their presence 1s 1n no way injurious 
the developing embryo. 


442 Fackson—Slime Bacteria on Egg of Dytiscus 


The fact that the bacterial cysts do not congregate on the chorion, the ou 
envelope of the egg, even in D. semisulcatus where the chorion remains in pe 
tion, is evidence that the bacteria do not merely use the egg as a convent} 
surface to squat upon, but that their stance upon the vitelline membrs 
provides the conditions necessary to them for survival and cyst forma 
In this position they will be in close contact, through the vitelline membaay 
with the fluid surrounding the developing embryo, and they may beng 
from the gases diffusing from the water into the egg during the respira it 
of the growing embryo. In the egg of D. marginalis the cysts occur principa 
on the vitelline membrane of the dorsal surface of the egg and especially at 
anterior pole, and these are the parts of the membrane that are exposed by 
splitting of the chorion and which may be better supplied with oxygen th 
the membrane of the under-surface of the egg, buried in the plant tiss¢ 
When the embryo is killed by parasitism of Caraphractus, the conditions | 
the survival of the bacteria are no longer suitable. After the larva of D. ma 
ginalis hatches, the cysts are still present on the egg and actually occur} 
denser colonies. Miss Collins has found the rod cells of a myxobacteriu 
present on an old hatched egg of this species recovered from dead leaves 
Juncus articulatus collected from a pond in December, when the egg would | 
at least 6 months old. | 

There can be no doubt that the female beetle herself transmits these bacteé 
in the vegetative stage to the eggs; how the next generation acquires tha 
remains an unsolved problem. The female Dytiscus, according to my observ 
tions on captured specimens, may not begin oviposition until probably a ye 
old, so that during many months she will be swimming about amongst aquai 
plants where she will doubtless become infected with the rod-like vegetati 
cells. Were the bacteria carried by the female internally and introduced in 
the egg during its development within the ovary, one would expect a unifon 
and constant distribution on each egg, and this is not the case in the egg of | 
semisulcatus, and not always so even in the egg of D. marginalis. The evident 
points to an external infection of the egg from the mother, and the degree 4 
infection will be influenced largely by the extent to which the vitelline mer 
brane becomes exposed by the splitting of the chorion, and hence will be ld 
in the egg of D. semisulcatus. | 

It is clear that the relationship of the slime bacteria to the Dytiscus egg rais 
many problems which remain unsolved. One does not know why the exposé 
vitelline membrane provides these bacteria with suitable conditions for ¢ 
formation nor what stimulus is required to cause the encysted cells ultimate 
to germinate. One point that could be readily ascertained by entomologists 
whether these cysts are equally common on the eggs of D. marginalis frox 
other localities. ‘The eggs I have found bearing them were laid by vario# 
females collected in Fife, by one specimen from Surrey, and by two froi 
Westmorland. It would also be interesting to know whether they a 
present on the eggs of all species of Dytiscus and how far their occurrent 
depends on the degree of the splitting of the chorion, for it would seek 


———— 
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1 my observations on the eggs of D. marginalis and D. semisulcatus that 
extent of the breakdown of the chorion is a specific character. 


he identification of the organisms present on the vitelline membrane of 
Dytiscus egg was primarily due to Dr. J. W. G. Lund of Windermere 
oratory, who first suggested that they might be bacterial zoogloea. I am 
ch indebted to him for his diagnosis. I am especially grateful to Miss V. G. 
lins of the same laboratory for all the trouble she has taken in determining 
ir identity more closely, and for culturing the vegetative cells obtained 

the female beetle. She has supplied me with much information and 
n me references to the literature, and I greatly appreciate all the help she 
so kindly given me. I wish to express my thanks to the specialists on algae 
o most kindly examined some of the material before its identification as a 
e bacterium; namely, Dr. H. Blackler of St. Andrews University, Dr. 
ncis Drouet of New Mexico Highland University, Mr. R. Ross of the 
tish Museum (Natural History), and Professor Gilbert M. Smith of 
nford University. 
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The Ontogeny and Comparative Anatomy of some 
Protocerebral Sense Organs in Notostracan Phyllopods 


By ERIK DAHL 


(From the Zoological Institute, Lund) 


With one plate (fig. 2) 


SUMMARY 


1. An investigation of the ontogeny of some of the protocerebral sense organs of 
iops was carried out. 


Ace in. the growth of the nauplius and compound eyes. 

)3. With respect to the nauplius eyes it is shown that to the small tripartite nauplius 
ge present at hatching additions are contributed partly by the dorso-lateral lobes of 
Je brain, partly by the proliferation zone. This complicated mode of derivation of 
je nauplius eye is reflected in the arrangement of the nerves. The so-called upper 
eral nauplius eye nerve in Jriops is shown to be the remnant of the connexion 
tween the nauplius eye and the ganglion opticum of the compound eye, and the evi- 
énce suggests that it is not really to be regarded as an optic nerve of the nauplius eye. 
4. It is shown that the proliferation zone is mainly or exclusively responsible for the 
rmation not only of the distal part of the compound eye but also of the ganglion 
er of the lamina Benstoney and of the distal part of the ganglion layer of the 
edulla. 

5. The dorsal paired ae organs as described by Claus (1873) are identified with 
igroup of sensory cells situated above the lateral nauplius eye in the adults of Triops, 
d the ontogenetical processes involved in their dislocation are traced. 

6. The group of cells in the neighbourhood of the ganglion opticum supposed by 
Venke (1908) and Hanstrém (1931) to be identical with the frontal organs found by 
laus (1873) probably constitute a neurosecretory organ. 

7. It is shown that despite great topographical differences the ontogeny of the 
rrotocerebral sense organs of Artemia in many respects follows the same pattern as in 
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INTRODUCTION 
Vee Hanstrém (1931) published the results of his investigations « 


Lepidurus apus a coherent picture was for the first time obtained of t 
protocerebral sense organs of the Notostraca. Previous papers, especially tho 
of Wenke (1908), Holmgren (1916), and Hanstrém (1926) had made impo 
ant contributions, but several controversial or obscure points remained. The 
were to a large extent elucidated in the paper mentioned above, where espect 
ally the diagrammatic figs. 1 and 4 give a clear concept of the views on ' 


matter which have since then prevailed. After 1931 Debaisieux (1944) add 
important new facts on the eyes of Triops, but otherwise little has been writte 
about the notostracan protocerebrum and its sense organs. 

A comparison between certain aspects of the conditions found among tlt 
Notostraca and those prevailing in other Crustacea, however, raises sever} 
points which call for a reconsideration of notostracan sense organs. Th 
following ones merit particular attention: 


1. Is the complicated innervation of the nauplius eye of the Notostraa 
merely a secondary phenomenon, due to the large size of the eyes, or ha 
it any deeper morphological significance? 

2. Are there any closer morphological relationships between the compou 
and the nauplius eye in the Notostraca, as suggested by Holmgren (1916) 

3. What are the interrelationships between the two unpaired and the paire# 
nauplius eyes? 

4. What becomes of the minute frontal appendages observed by Claw 
(1873) and interpreted by him as dorsal (paired) frontal organs? Are they 
really identical with the group of cells close to the posterior part of thi} 
lobus opticus, as suggested by Wenke (1908) and Hanstrém (193 1) : 
If not, what are their relations to other frontal organs, especially thos# 
of the Anostraca, and what is the morphological significance of the groul} 


of cells mentioned in the previous sentence ? 


The bearing of some of these questions upon larger issues of Crustaceai) 
morphology and phylogeny will be readily understood. They could be partllll 
answered by means of a further study of adult material, but the most import? 
ant thing seemed to be an investigation of the ontogeny of the protocerebrunif 
and its sense organs. The only previous paper dealing at some length wit! 
these matters is that of Claus (1873), where, however, he confined himself t' 
describing the outwardly visible changes from stage to stage. Nothing 1 
known about the internal morphology of the larva and its differentiation 
during development. | 

Dried mud from the bottom of pools on the island of Oland was kindh} 
placed at my disposal by Dr. Paul Ardé, and from this mud larvae of Triop¥ 
cancriformis could easily be reared in the laboratory. The present account 
starts with the recently hatched larva; for owing to the comparatively smal 


number of eggs present in the sample, unhatched embryos were extreme 
difficult to find in the bottom deposit. | 
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Early development of the brain and nauplius eyes. While a comparatively 
ge number of authors have dealt with the ontogeny of the crustacean com- 
und eye, little is known about the formation of the nauplius eye. In the 
yllopoda and Anostraca it is fairly well developed at the time of hatching. 
laus (1891) pointed out that it is certainly of ectodermal origin in Branchipus, 
there the nauplius eye of the young larvae only gradually loses its contact 
fith the ectoderm. More recently Weisz (1947) confirmed the presence of the 
puplius eye rudiment in embryos of Artemia before hatching, but gave no 
stails concerning its derivation. Unfortunately Polyphemus is one of the 
jladoceran genera where the nauplius eye is missing altogether, and con- 
quently the minutely careful investigation of Kiihnemund (1929) gives no 
lp in this respect. 

) My own observations on Artemia start at a stage when the embryo is just 
aving the outer cyst. According to Weisz (1947) this takes place 6 to 8 h 
before hatching. In my own cultures development generally is a good deal 
uicker, and as a rule only a few hours elapse between excystment and hatch- 


| Two points are important with regard to the nauplius eye rudiment at the 
#me of excystment. First, although at this stage it is still in contact with the 
(toderm and receives cells from it, the ectoderm area from which it is being 
ferived is more or less clearly separated from the roughly horseshoe-shaped 
ind continuous area of ectoderm which surrounds it on the ventral and lateral 
des and from which the brain, including the lobi optici, is being formed. , 
econdly, differentiation seems to have proceeded somewhat farther in the 
jJauplius eye rudiment than in the brain proper. Practically all cells at this 
age contain yolk granulae with the single exception of the pigment cells of 
e nauplius eye. The direct ectodermal derivation of these pigment cells can 
e proved in the embryo where they are in some cases still continuous with the 
ody-wall. Already at the excystment they are, however, notably large and their 
ytoplasm is finely granulated. 

| Thus the nauplius eye rudiment in Artemia appears to be topographically 
eparate from that of the brain and to precede it slightly in development. 
For reasons explained above I had no access to unhatched embryos of 
riops, but a few of my earliest stages were preserved within an hour after 
atching. In these recently hatched metanauplii of Triops, the nauplius eye 
s anteriorly in contact with the integument but is otherwise surrounded by 
he undifferentiated cells of the brain rudiment. The sensory cells of the nau- 
lius eye itself, however, are somewhat more advanced at this stage (compare 
g. 2, B), and this lead in differentiation is still more in evidence in the next 
tage (stage 2 in the terminology of Claus (1873), which will be used through- 
ut the present paper). At this stage the nauplius eye of 77zops is composed 
f the same three traditional parts as are found in the Anostraca and most 
ther Crustacea, i.e. one ventral and two lateral ones. 


448 Dahl—Protocerebral Sense Organs in Phyllopods 


The brain itself is in contact with the anterior, lateral, and ventral ectodery 
from which cells proliferate inwards. Seen in anterior view this part of tI 
ectoderm is clearly marked off from the surrounding area. In outline it 
roughly horseshoe-shaped, with the opening upwards and closed by a narro 
bar. The lateral parts are the rudiments of the future optic lobes. As Ww’ 
presently be shown they also make important contributions to the naupli 
eye complex. In this paper they will be referred to as the dorso-lateral lobe 
In the interior their medial surfaces are at least partly in contact with eaag} 
other and in some places they appear even to fuse. In stage 2 the surroundi 
ectoderm is already beginning to form the fold which in the adult covers t 
compound eyes. 


Fic. 1. Semi-diagrammatic sketch of the nauplius eye region of a young 

larva of Triops cancriformis in transverse section, showing establishment 

of contact area (ca) between dorso-lateral brain lobes and lateral nauplius 

eyes. The crescent-shaped swellings of the dorso-lateral lobes (cs) are be- 

ginning to show. dll, dorso-lateral lobe; gc, giant cell; /ne, lateral nauplius 

eye; mgd, mid-gut diverticulum; pc, pigment cell; prz, proliferation zone; 
une, ventral nauplius eye. 


During the next few larval stages a series of remarkable transformationi 
takes place in the dorso-lateral lobes of the brain. Already during stage 2 |f 
concentration of cells can be seen above the posterior part of the pigme i 
cells of the nauplius eye. They are at least partly derived from the media 
side of the proximal part of the dorso-lateral lobes, but to some extent they 
seem to come from the dorsal part of the protocerebrum proper. They differ 
entiate rapidly and become the medio-dorsal nauplius eye (fig. 2, H, pne 
Simultaneously in the corner between the base of this medio-dorsal naupliu 
eye and the dorso-lateral lobes, a couple of very large ganglion cells becomti 
distinguishable, the first of the group of giant cells (Holmgren, 1916; Han 
strém, 1931) located in this area (figs. 1, gc; 2, H, gc). 

Despite the very rapid growth of the hepatic lobes of the mid-gut, which 
enlarge much more quickly than the brain, the head cavity of the larva become# 
more spacious and the different parts of the brain less crowded. The dorso 
lateral lobes bend apart and point antero-dorsally and the bridge of cell! 
uniting their dorsal extremities grows in thickness (fig. 1, prz). Simultaneousl 
in the antero-medial part of each lobe a crescent-shaped swelling is formed vil 
the convex side inwards (fig. 1, cs). It is two or three cells thick, and the cell! 


—— 
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ic arranged transversely and are elongated, which is generally a sign of the 
poinning of fibre formation (Kithnemund, 1929). When the lateral lobes are 
aightened in the manner mentioned above, the contact between them 
png the median plane becomes much less intimate. There is a good deal of 
dividual variation, however, and it is doubtful whether the contact is ever 
mpletely severed. In one specimen (stage 4) there is only a very narrow con- 
exion between the two otherwise well-separated crescent-shaped swellings ; 
} other specimens of similar age the connexion is more intimate. In any case 
€ partial separation is always transitory, for with the growth of the crescent- 
haped swellings these bulge more and more and soon re-establish a broad 
ene of contact along the median line. 
| The ventral end of the antero-medial swelling establishes contact with the 
brsal end of the lateral nauplius eye (fig. 1, ca), and cells from it begin to 
jrange themselves alongside the uppermost sensory cells of the eye and 
ecome transformed into sensory cells. This is the beginning of the growth 
| the lateral nauplius eyes, which gradually transform them into the very 
irge structures typical of the adult (fig. 2, H, ca). Some observations indicate 
at cells from the antero-medial swellings even reach so far in a ventral 
jrection as to coalesce with the ventral nauplius eye, but this I was unable 
confirm. Thus the lateral nauplius eyes of the adult are really composite 
iructures, although it is impossible to see any structural delimitation between 
e different parts, and we find, among adult Notostraca, the unique situation 
at the upper unpaired and the paired lateral nauplius eyes are to a great 
<tent formed by those parts of the brain which are mainly concerned with the 
srmation of the ganglia of the compound eyes. We shall revert later on to 
ese questions, but before doing so it is necessary to trace somewhat farther 
e development of the dorso-lateral brain lobes. 
| The frontal proliferation zone. We shall have to consider, at this stage, the 
nanges which have simultaneously taken place in the ectoderm covering the 
ontal part of the head. 
In the recently hatched metanauplius the brain was in the process of sinking 
to the interior, and the whole of the antero-medial ectoderm of the head was 
ngaged in producing it. Gradually most of this originally well-defined neuro- 
todermal area exhausts its potentialities and both the nauplius eye and most 
the brain proper lose their direct connexion with the ectoderm of the body 
all. This process, which is in principle a delamination, proceeds gradually 
om stage I to stage 4-5. 
There remains, however, a zone of contact and proliferation, which, though 
reatly reduced in its relative if not its absolute extension, is nevertheless 
ktremely important to the subsequent development. This area covers the 
tes of the future compound eye of each side (fig. 2, F, przce) and forms a 
omparatively narrow band which unites the anterior parts of two lateral areas 
g. 2, A, prz). It thus corresponds to what was previously referred to as the 
orsal extremities of the dorso-lateral brain lobes and to the bar connecting 
xem with each other (compare p. 448 and fig. 1). About stage 5~7, however, 
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the direct contact between this ectodermal area and the dorso-lateral br 
lobes has been to a large extent broken over most of the space later occupi 
by the compound eyes, and the contact between the ectoderm and the bra 
is mainly confined to a pair of narrow areas on each side of the median lig 
between the compound eyes (fig. 2, A, pr2). : 

It should be kept in mind that this frontal ectodermal area constitutes pé 
of the originally much larger one from which the whole brain was derived a 
that it is the only part of it which permanently retains its contact with 4 
brain. It is, consequently, part of the original neuro-ectoderm, and the ony 
area from which cells from the outside are added to the brain once the ea 
liest stages of larval development have been passed through. It will be referre 
to as the frontal proliferation zone. a | 

It must be understood that the breaking off of the contact between tlt 
compound eye part of the proliferation zone and the underlying area that) 
mentioned above does not take place suddenly. The dorso-lateral lobes of tl 
brain receive cells from these areas at least up to stage 5, and when the anter 
medial swellings due to produce the upper parts of the lateral nauplius eyes a 
first being formed they apparently receive a good deal of material from 
area. It is not until the formation of pigment is well under way in the futu 
compound eyes that immigration of cells into the interior of the brain com 
to an end in these areas. 


: 


Fic. 2 (plate). a, transverse section through left compound eye rudiment of a larva of Tvia 
cancriformis, showing contributions of proliferation zone (prz) to distal part of eye (1), lami 
ganglionaris (2), and medulla (3). Heidenhain’s Azan. 

B, medial section through the anterior end of a recently hatched metanauplius of 
cancriformis, showing one of the pigment cells (pc) in direct contact with the integumer 
The black spots are yolk granules. Note that they are lacking in the pigment cell and most 
the surrounding nauplius eye rudiment. Heidenhain’s Azan. br, brain; mg, mid-gut. 

C, sagittal section through the head of a half-grown specimen of T. cancriformis (lengg 
about 8 mm), showing the connexion between the proliferation zone (prz) and the compouml 
eye (ce) and the lateral (/me) and ventral (vwne) nauplius eyes. br, brain. Anterior end towar 
left. Silver impregnation according to Bodian. 

D, T. cancriformis of the same size as in Cc, showing connexion of proliferation zone (prp 
with lateral (/ne) and dorso-medial (pne) nauplius eyes and with dorsal frontal organ (dféj 
br, brain; cech, compound eye chamber. Anterior end towards right. Silver impregnatid 
according to Bodian. 

E, transverse section showing topographical relationships between nauplius eye compl 
(ne, vne) and dorsal frontal organ (dfo) in fully grown specimen of JT. namaquensis. 
pigment cell. Gomori haematoxylin and phloxin. 

F, sagittal section through the lateral part of the head of larva of T. cancriformis (stage 
showing splitting of the dorso-lateral lobe in the lobus opticus part (Jo) and in the later 
nauplius eye part (ne). ca, the still rather broad contact area; przce, part of proliferation zo 
forming the compound eye. Heidenhain’s Azan. 

G, sagittal section of the dorsal frontal organ of a larva of T. cancriformis, showing tk 
frontal appendage and sensory cells (scdfo). Heidenhain’s Azan. | 

H, horizontal section through the lobus opticus (/o) and the lateral (ne) and dorso-medii 
(pne) nauplius eyes. The contact area (ca) between lobus and nauplius eye is still rather broa@ 
gc, giant cell; pc, pigment cell. Heidenhain’s Azan. 

1, oblique horizontal section through the head of a larva of Artemia salina, showing th 
connexion of the proliferation zone (prz) of the compound eye (ce) with the lamina ganglio 
aris (/g) and medulla (me). mg, midgut. Heidenhain’s Azan. 
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ost of the cells of the future proliferation zone apparently originate in the 
oderm in front of the transverse bar (fig. 1, prz), mentioned above. There, 
airly intense mitotic activity can sometimes be observed, but in the pro- 
ration zone itself there are very few mitoses even during the early part of 
development and later on there are none. Instead, the proliferation zone is 
mmed with small cells, which later on migrate to different parts of the 
in and the sense organs, as will be described in later sections of this paper. 
e transference of cells from the proliferation zone to their definite sites is 
omplicated process, the details of which are still to some extent obscure. 
ere appears to be a good deal of active migration on the part of the cells 
the proliferation zone, and there seems to be little doubt that the first stages 
their movements are active. On the other hand, differential growth also 
pears to play an important part, for the cells of the organs, of which they are 
stined to form parts, grow more rapidly than the proliferation zone, and 
nsequently the cells which are on the way to their destination become, 
ratively speaking, sucked up and drawn into the various organs, where they 
mselves start growing. 

Gradually, however, the stock of cells contained in the proliferation zone 
comes depleted, and in the adult it hardly differs from other parts of the 
podermis. 

Longitudinal splitting of the dorso-lateral lobes. We traced the development 
the dorso-lateral lobes up to the time when the antero-medial swellings 
gan to take part in the formation of visual elements of the lateral nauplius 
e. Up to this stage the antero-medial swelling is fused to the remainder of 
e dorso-lateral lobe along the whole of its length, but soon afterwards a 
gitudinal splitting begins, which, in the end, results in a nearly complete 
ision of the dorso-lateral lobe into the nauplius eye part (which is trans- 
rmed into sensory cells of the posterior and lateral nauplius eyes) and the 
tic lobe of the compound eye (fig. 2, F, H). However, there is rarely a com- 
ete separation between the lateral nauplius eye and the optic lobe of the 
mpound eye even in the adult. The connexion between the two noted in 
ults of Lepidurus by Zograf (1904), Holmgren (1916), and Hanstrém (1931) 
ows a good deal of individual variation, and it can apparently be broken in 
me specimens (Hanstrém, 1931), but it is nearly always present. It was 
terpreted by Holmgren as a nerve coming from the upper half of the lateral 
wuplius eye. We shall revert to the question of its interpretation in a later 
ction of this paper (p. 454). 

The process of separation of the antero-medial nauplius eye part from 
 postero-lateral optic ganglion part of the dorso-lateral lobe begins ap- 
‘oximately simultaneously on the upper and lower end of the lobe. At 
st the connexion between the two parts is still comparatively broad, but 
adually it narrows till only the rather narrow bridge mentioned above re- 
ains. 

Contributions of the frontal proliferation zone to the nauplius eyes after the 
litting of the dorso-lateral lobe. It is only owing to the existence of the frontal 


452 Dahl—Protocerebral Sense Organs in Phyllopods 


proliferation zone that the nauplius-eye complex of the Notostraca attains 
very large size. As we shall see, the proliferation zone contributes to the grow 
of all its four main subdivisions, viz. the ventro-medial, the dorso-medial, a 
the two lateral parts. , 

As the young Triops grows the direction of the length axis of the late 
and ventral nauplius eyes changes: it becomes almost horizontal and para 
to the long axis of the body. 

The broadest and most obvious contact is the one between the proliferati 
zone and the lateral nauplius eyes. Cells from the proliferation zone cross 0 
on a rather broad front to the dorso-lateral margins of the lateral eyes a 
spread fanwise over the surface, gradually increasing in size both in the vent 


and the anterior direction (figs. 2, C, D; 3). 


Fic. 3. Diagrammatic sketch of a sagittal section through the 
head of a half-grown T. cancriformis, based upon the sections 
shown in figs. 2, C and 2, D and adjoining sections. The diagram 
shows the contribution of the proliferation zone (prz) to the 
growth of various organs as indicated by the arrows. br, brain; 
cech, compound eye chamber; dfo, dorsal frontal organ; /g, la- 
mina ganglionaris; /ne, lateral nauplius eye; me, medulla of com- 
pound eye; mgd, mid-gut diverticulum; pne, dorso-medial 
(posterior) nauplius eye; une, ventral nauplius eye. 


The proliferation zone is connected with the ventral nauplius eye by mea 
of a narrow medial strand of cells which can be traced along the anterior pai 
of the frontal area past the anterior end of the nauplius eye (figs. 2, C; 
Just there it curves abruptly backwards and joins the anterior end of t 
ventral eye. Already in the curve the cells begin to increase considerably in si 
and in the ventral eye itself they grow gradually larger in a posterior directio 

The proliferation zone is connected with the dorsal nauplius eye only 
a narrow band of cells which, from the dorsal margin of eye, turns in a ventr 
direction, while the cells grow gradually larger (fig. 2, D, pne). Differentiati 
of the cells contributed by the proliferation zone increases in a ventral directio 
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The connexion between nauplius eyes and proliferation zone is not severed 
til the specimen is full grown. 
ummary of development of nauplius eyes. The formation of the nauplius eye 
plex of Triops is a highly complicated process, much more so in fact than 
been realized by previous writers. Holmgren (1916) pointed out that the 
eral nauplius eye in Lepidurus is to be considered as a structure with a 
uble origin, and Hanstrém (1931) assumed that the nauplius eye of the 
ly larva of Lepidurus is less complicated than that of the adult. Debaisieux 
44) even went one step farther and pointed out that his observations on the 
wth zones of the nauplius and compound eyes of adult Triops cancriformis 
gested that a common proliferation zone might provide new material for 
th types of eyes. 
These three writers thus realized the complex nature of the problem and 
ecially Debaisieux predicted fairly accurately in what direction the solution 
s to be sought. Without access to series of larval material, however, the 
oblem could not be tackled, and as is evident from the descriptions on the 
evious pages the development is even more complicated than that suggested 
Debaisieux. 
The nauplius eyes of Triops are formed by means of the following three 
ps: 
1. The first formation of the eye from the neuro-ectoderm of the head. The 
tails of this process are unknown since it takes place before hatching and 
bryological material was not available. At the time of hatching the eye 
nsists of two lateral parts and one ventral part. 
2. Growth by means of material derived from the dorso-lateral lobes of the 
ain. This results in the formation of the dorso-medial (posterior) nauplius 
e, the origin of which is paired, and in the very considerable increase in size 
the lateral paired nauplius eyes. Possibly the ventro-medial eye is also 
ected. 
3. Completion of the adult nauplius eye complex by means of cells wander- 
g in (or drawn in) from the frontal proliferation zone. This process affects 
1 the four parts and comes to an end only when the specimen is full grown 


g-3). 


In tabular form the origin of the various parts of the nauplius eye complex 


ay be expressed in the following manner: 


3 Areas contributing to formation of nauplius eye 
-Part of nauplius eye 
in adult Neuro-ectoderm | Dorso-lateral lobe | Proliferation zone 


entral unpaired 
Posterior part 
Anterior part 

ateral paired 

Lower (posterior) part 
Upper (anterior) part 
orsal unpaired 


421.3 
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Innervation of nauplius eyes. Hanstrém (1931) reported the presence i 
Lepidurus of three paired and two unpaired nerves belonging to the naupliu 
eye complex. The dorsal and ventral medial eyes have one unpaired ne 
each, while the lateral eyes have two pairs of nerves which enter the pro 
cerebral nauplius-eye centre from above and, besides, they are connecte 
with the optic ganglia of the compound eyes (compare p. 451). The new fac; 
brought forward here concerning the ontogeny of the nauplius-eye comple 
call for a few comments on the innervation. 

In the adult the nerves of the two unpaired medial nauplius eyes are ver 
large. In the case of the dorsal medial eye we know that it is of a paired origy 
and to a certain extent this origin is still reflected in the arrangement of i 
sensory cells, but the nerve shows hardly any trace of it. The ventral medi 
eye already appears unpaired at the hatching stage, but there is every reaso 
to believe that the first rudiments are paired (compare Hanstrém, 1926 
and in both Triops and Lepidurus the root of its nerve appears to be paire¢ 

In the case of the lateral nauplius eyes the situation is more complicate¢ 
In Lepidurus Hanstrém (1931) found that there are one pair of large, mor 
lateral nerves, and one pair of smaller, more medial nerves, which connect th 
eyes with the optic centre. A re-examination of these nerves has convincej 
me that the smaller ones come from the ventral area of each eye, i.e. from th 
cells roughly corresponding to the part present in the early metanaupliu: 
while the larger nerves come from cells which were added later on from t 
dorso-lateral lobes and the proliferation zone. It is important to note that - 
receives the centripetal fibres from the whole distal (i.e. dorsal) part of thi 
eyes. There remains the third pair of nerves mentioned by Hanstrém (193 ri 
which are supposed to connect the lateral nauplius eyes with the optic gangli 
of the compound eyes. According to the interpretation of Holmgren (191 
they should pertain to the dorsal part of the nauplius eye, which Holmgrert 
quite correctly as it has turned out, supposed to be a secondary addition. A4 
already pointed out, this so-called nerve is what remains of the connexio 
between the upper part of the nauplius eye and the optic ganglion of t 
compound eye. I do not think, however, that it is really an optic nerve in th 
strict sense. The connexion seems mostly to consist of connective tissue. Ther! 
is a great deal of individual variation both in Lepidurus and Triops. As wa 
pointed out by Hanstrém, the connexion may not exist at all in exceptiona 
cases. In those specimens where it is to be found it is sometimes a narro 
strand of connective tissue including a certain number of nuclei, sometimes 


] 


a broad zone where the neurilemmas of the nauplius eye and the optic ganglio 
of the compound eye are in contact and apparently fused with each other. Il 
these cases, however, there is also a direct contact through some opening in 
the neurilemma. I have, however, been unable to establish one single casi 
where a nerve of the type described by Holmgren really connects the naupliu 
eye with the optic ganglion. I will not deny that a few nerve-fibres may conne 
the two parts, but as far as I can see, it is impossible to hold that there is a rea 
optic nerve crossing over from the nauplius eye to the stalk of the compounG 
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. In the light of the facts disclosed in the previous sections of this paper 
re is hardly any reason to expect the existence of such a nerve. The cells 
m the dorso-lateral lobes of the brain and from the proliferation zone dis- 
y no outward signs of any differentiation at the time when they become 
t of the lateral nauplius eyes. It is not until they have reached their definite 
tination that the last phases of their differentiation begin, including the 
mation of the centripetal fibres connecting them with the brain. These 
tes arrange themselves along the lateral margin of the nauplius eye 
merge to form the big lateral nerve mentioned above, which enters the 
ic centre of the nauplius eye complex. None of them can be seen to break 
of this arrangement to cross over to the optic ganglion of the compound 


ONTOGENY OF THE COMPOUND EYES 


lready during the early phases of the longitudinal splitting of the dorso- 
eral lobe a certain amount of differentiation is to be seen in the optic gan- 
on of the compound eye. The ganglion opticum is separated from the 
ernal part due to form the crystal bodies and the retinulae (fig. 2, F). The 
ther development of the compound eye in all essentials conforms with the 
eral principles as laid down, e.g. by Bernard (1937), and the final structure 
the eye as well as the formation of new ommatidia in the growth zone of the 
ult were described in considerable detail by Wenke (1908) and Debaisieux 
44). It is hardly necessary, therefore, to enter upon any comprehensive 
scription of the development and structure of the eye. It is sufficient to call 
ention to a number of new observations made in the course of the present 
estigation. 
The growth of the distal part of the compound eye is accomplished mainly 
means of cells from the frontal proliferation zone, which migrate in a lateral 
ection towards the eyes and in the course of their migration grow and 
erentiate in the manner described by Debaisieux (1944) for Artemia and 
tops. 
Mesnwhile the ganglion opticum also continues to grow. Very soon, how- 
er, contact is established between the ganglion opticum and the proliferation 
ne, which apparently contributes a very considerable part of the cellular 
terial included in the ganglion opticum (figs. 2, A; 3). In transverse sections 
young specimens about 2 mm in length the relationships are particularly 
id. The micrograph (fig. 2, A) illustrates fairly well the lines along which 
Is from the proliferation zone migrate into the compound eye. ‘These lines 
not less than four, two leading into the peripheral part and two into the 
nglion opticum. They may be described in the following manner (fig. 2, A): 


ntributions to the peripheral part of the compound eye 


One external sheet of cells spreading laterally immediately below the 
integument. This sheet apparently produces the corneagenous elements. 
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Another sheet, immediately below the first one; this produces the retinul 
and pigment cells. 


Contributions to the ganglion opticum 
To the lamina. One sheet of cells from the lateral part of the proliferaty 
zone grows inwards, at first at right angles to the body-wall but after 
has reached the ganglion opticum it is diverted in a lateral directio 
producing the layer of ganglion cells covering the distal part of the lamin 

To the medulla. Another sheet of cells similar to the one just describ 

turns inwards from the proliferation zone so close to the other sheet th 
at first it touches its medial side. On reaching the ganglion opticur 
however, it continues to grow straight inwards, producing the gangli 
layer covering the distal part of the medulla. 

While the important part played by the proliferation zone in the formati 
of the peripheral part of the compound eye might be expected, its equal 
important part in the genesis of the ganglion opticum is more surprisin} 
Some of its implications will be considered on pp. 459-60. 


. 
J 
| 


THE Dorsa (PAIRED) FRONTAL ORGANS AND THE CELL GROUP 
NEAR THE Losus OPTICUS 


In his monograph of 1873 Claus described a pair of small frontal appendag@ 
in Triops cancriformis which he identified as a pair of frontal organs. Som 
further details were published by Claus in 1886. After that, however, althougy 
the frontal appendages were often referred to in papers dealing with Crust 
cean frontal organs, no new first-hand information was obtained. As t 
appendages are lacking in adults and also in most of the later juvenile stagei 
it was evident that they are either lost or incorporated in the head. 

In the papers of later writers on the brain of the Notostraca a good deal ¢ 
nomenclatorial confusion prevailed as far as the frontal organs were concerne@ 
Hanstrém (1931) realized this and introduced logical definitions of the vario 
organs. He believed that the sensory cells of the paired frontal organs fount 
by Claus are identical with a group of cells in the neighbourhood of the lobu 
opticus of the compound eyes. Because in Lepidurus no other organs of similz 
type were found, this seemed reasonable enough. As will be shown presentl 
my new observations on Triops appear nevertheless to call for a reconsideré 
tion of these matters. 

I found the frontal appendages in some of my slides of larvae of Triops, < 
least up to stage 5 or 6 (fig. 2, G). In other specimens I failed to find them, b 
as they are very small and exceedingly fragile they are easily lost durin 
handling before embedding, and their absence therefore is doubtless acc 
dental. ‘This was borne out by observations on fresh material. 

The sensory cells belonging to each of the appendages number about hat 
a dozen and are situated between the upper (anterior) end of the lateral nau 
plius eye and the rudiment of the peripheral part of the compound eye. The 
are typical bipolar cells, and their peripheral fibres are at least 5 times as lo 
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the cell-body and reach to the end of the appendage (fig. 2, G, scdfo). The 
all nerves coming from the groups of sensory cells join the larger (lateral) 
r of nerves of the lateral nauplius eye. 

Later on the external appendages of the frontal organs are lost. Apparently 
s reduction is the outcome of a single moult, in the course of which no 
ernal appendage is formed in the new integument. The nerve-endings 
ain their connexion with the body-wall. 

t this stage the young specimen gradually loses all its characteristic larval 
its, such as the predominance of the antennae over the other limbs, the 
erior position of the brain, which becomes entirely encircled by the gut 
erticula, and so on. It is thus transformed from a larva into a juvenile 
cimen, which closely resembles the adult in its structural plan. One of the 
anges implied and one which is particularly important to the matter in 
nd is the perfection of the eye-chambers of the compound eyes, by means 
a pair of postero-lateral folds which grow in an anterior and medial direction 
til they cover the compound eyes completely, meet along the median dorsal 
e of the head, and reach the integument in front of the compound eyes. 
the same time the frontal body wall anterior to the compound eyes is 
ded up into a fairly high and steep fold which is pressed against.the anterior 
ll of the integumental eye-chambers, so that there is only a narrow trans- 
rse slit between them (figs. 2, D; 3). 

The frontal folding includes the area where the nerve-endings of the frontal 
gans lie, and so these endings are pushed upwards until they become 
uated in the dorso-lateral parts of the folds above the lateral nauplius eyes 
gs. 2, D; 3). They are present in adult specimens of both species of Triops 
amined by me as a small group of cells immediately below the integument, 
th nerve-endings in the integument itself (fig. 2, D). From each group a 
rve can be traced across the distal end of the lateral nauplius eyes and into 
e large lateral nerve going along the eye margin towards the brain. Thus 
e frontal organs are not drawn into the eye chambers of the compound eyes. 
The large development of the lateral nauplius eye is not compensated by 
y similar development of the frontal organ and consequently the topo- 
aphical relationships gradually change. As was pointed out above, the 
ntal organ of the larva lies between the compound eye and the lateral 
uplius eye. With the growth of the latter its relative position changes so that 
the adult it lies almost directly above the centre of the lateral nauplius 
e and not far from the medial line (fig. 2, F). 

The ontogenetical investigation described above leaves no doubt about the 
entity between the frontal appendages found by Claus and the groups of 
nsory cells above the nauplius eye in Triops. They must be considered to 
present the true dorsal paired frontal organs which were previously over- 
oked in the adult. 

‘The reason why they were not observed previously is quite clear. Both 
anstrom and Holmgren, who might have been expected to find them as they 
owed particular interest in this part of the head, worked on Lepidurus. In 
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the slides of adult Lepidurus kindly lent to me by Professor Hanstrém I four 
no trace of them. Without access to fresh material of Lepidurus I cannot sé 
with certainty whether these frontal organs are still present in adults. In a 
case they are, apparently, not nearly as well developed as in Triops. | 

What becomes, then, of the group of cells near the posterior part of t 
distal end of the ganglion opticum which Wenke and Hanstrém suggeste 
might be the dorsal frontal organ? As the true dorsal frontal organ and t 
group mentioned are both present simultaneously in Triops, it cannot be? i 
frontal organ. It seems, in fact, almost certain that it represents a group 
neurosecretory cells. 

Histologically the cells in the group in the eye-chamber give a very stroni 
impression of being neurosecretory. Their cytoplasm is filled by granuld 
staining red in Azan and dark blue with Gomori haematoxylin. As is wes 
known, such a positive staining with Gomori haematoxylin is not nearly | 
conclusive a proof of neurosecretory activity in Crustacea as in vertebrates 
In Triops a very large part of all ganglion cells are Gomori-positive, especialll 
most of the large cells in the ventral chain. Nevertheless, the general appean 
ance of the cells now dealt with, as well as the very numerous Gomori 
positive grains in the axons between the cell group and the brain, combine t 
strengthen the impression that we are faced here by a neurosecretory organ 


A COMPARISON WITH ARTEMIA AND OTHER ANOSTRACA 


A comparison with the genesis of the visual organs in Artemia disclosee 
a considerable degree of similarity. . 

In larvae of Artemia of stage 2 (Heath, 1924) there is still a continuou 
contact between the neuro-ectoderm and the brain. Later on delamination 
sets in and a separation of the brain from the integument is brought about 
What is interesting from the point of view of the present investigation is tha 
there remains a proliferation zone, or rather several proliferation zones which 
in some respects resemble that of Triops, although they are less uniform iti 
appearance. 

In a larva of stage 4 the compound eyes bulge slightly and are providec 
with pigment. The nauplius eye lies far forward and the ventral side of itd 
ventral component is pressed against the integument, while the anterior parts 
of the two lateral components touch the frontal integument. There is, of 
course, no bending upwards of the anterior part of the nervous system as i 
Triops. ‘The proliferation zones (for the ventral nauplius eye divides the 
into two groups) lie ventrally. At each lateral corner of the ventral naupliu 
eye lies a group of rounded cells, the task of which is to provide further 
material for both the medial and the lateral nauplius eye (fig. 4, prane)| 
Immediately on the lateral side of this group, yet separated from it by a small 
notch in the integument, lies the proliferation zone of the compound eyes 
Its cells are higher and narrower than those of the other group and thusi 
resemble those of the proliferation zone of Triops. In a way which appears 
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be in every respect the same as in Triops, it delivers cells for the peripheral 
rt of the eye, as well as ganglion cells for the lamina and the medulla. 
servations on early stages indicate that at first these two proliferation zones 
each side are connected with each other but that they separate later on. 
- 4 represents an early stage. In unpublished work on Artemia Mr. P. 
eurling of the Zoological Institute, Lund, recently demonstrated that there 
ists a connexion between the optic lobe and the lateral nauplius eye of young 
vae, closely resembling that found in Triops. Later on it is broken and leaves 


traces in the adult. I am indebted to Mr. Meurling for permission to quote 
S important observation. 


vne przne 


Fic. 4. Diagrammatic sketch of a transverse section through 

the head of a young larva of Artemia salina, showing the proli- 

feration zones of the nauplius eye (przne) in the ventro-lateral 

contact area between the lateral (/ne) and ventral (vme) nauplius 

eyes. dil, dorso-lateral lobe; mgd, mid-gut diverticulum; pe, 
pigment cell. 


Claus (1886) held the view that ganglion cells for the lobus opticus were 
rived directly from the ectoderm, not from the brain, though the opposite 
w has been maintained. Debaisieux (1944, 1952) from studies on adult 
rtemia and Chirocephalus arrived at the conclusion that growth of the lobus 
yticus must take place with the aid of cells from the ectoderm, and the 
rious alternatives suggested by him correspond fairly well with the results 
“my investigation (fig. 2, I, prz). But the proliferation zone does not provide 
| the cellular material for the optic lobe. It seems as if at least part of the 
‘oximal ganglion cells of the lobe were derived from the brain, 

This double origin of the ganglion cells of the lobus opticus gains a good 
al in interest when compared with the neurological investigations on Artemia 
rried out by Hanstrém (1924, 1926). In 1926 Hanstr6m published the semi- 
agrammatical sketch of the types of neurones found in the eye-stalk of 
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Artemia, which is here reproduced in fig. 5. He described the neurones in th 
following manner: 


Bei meiner histologischen Untersuchung der Lobus opticus von Artemia fand 1 
_.. dass die kleinen chromatinreichen Ganglienzellen die Verbindung zwischen d 
beiden Sehmassen vermitteln, indem die distalen (a) [fig. 39 = fig. 5 of the prese 
paper] von der Aussenseite die Lamina durchsetzen um in die zweite Sehmasse, d 
Medulla, zu enden, wahrend die proximalen kleinen Ganglienzellen (6) die Medul 
durchdringen um in die Lamina zu enden. Ausserdem fand ich kleine, chromati 
reiche Zellen, deren Verzweigungen nur in der Medulla gelegen waren un 
demnach als Lokalzellen (c) bezeichnet werden miissen. Die Verbindung mit de 
Protocerebrallobus des Gehirns dagegen wird durch die grossen, plasmatische 
Zellen vermittelt, welche an der proximalen Seite der Medulla liegen. 


Fic. 5. Arrangement of neurones in the eye-stalk of Artemia salina after 

Hanstr6m (1926, fig. 39, p. 66). sF, fibres from visual cells; Gz, ganglion 

layer of lobus opticus; a, small neurone connecting the lamina ganglionaris 

with the medulla; 6, a small neurone connecting the medulla with the 

lamina; c, local neurone of medulla; d and e, large neurones connecting the 
medulla with the brain. 


It is tempting to assume that the small cells in the distal part of the lobu 
opticus which provide the local connexions within the lobus are those derive 
from the proliferation zone, while those which establish the connexion wit 
the brain are those from the proximal part of the eye-stalk which were origin 
ally derived from the brain rudiment. The histological and ontogenetical fact 
now available rather support such an assumption, which would bring function 
and organogenesis into harmony. 

A comparison with Triops reveals that the proliferation zone of the com 
pound eye has the same function in both cases. Further, the localization of th 
proliferation zone in relation to the eye is practically the same, although the 
bending upwards of the anterior part of the whole nervous system in Triops 
brings about a dislocation of the area concerned. 

On the other hand, the relationship between the proliferation zone and the 
nauplius eye seems different in the two genera. In Artemia, as was pointed out} 
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re, the area providing new cells for the nauplius eye lies very close to the 
feration zone just mentioned, but is nevertheless separated from it, and 
Ils are also rather different: they are fairly large and rounded and similar 
e neuroblasts of the brain proper. It is also important to note that the 
tion of new cells to the nauplius eye in Artemia takes place at the junction 
e ventral and lateral components of the eye, while in Triops the growth of 


entral and lateral nauplius eye components is effected by addition to the 
rior and dorsal areas. 


CONCLUSIONS 


Triops as well as in Artemia an investigation of the organogenesis of the 
ocerebral sense organs disclosed much closer connexions between com- 
nd and nauplius eyes than were previously known to exist. On the other 
d, there is a good deal of evidence favouring the view that the formation of 
original tripartite nauplius eye, at the hatching of the metanauplii of both 
ra, is to some extent independent of the brain and that the closer relation- 
s alluded to above are a secondary phenomenon. At present it is not known 
ther this comparative independence of the original nauplius eye of the 
anauplius has any phylogenetic foundation or whether it is simply an 
tation meeting the need of early function. Until more is known about this, 
ulation over the matter seems best avoided. 

seems to me a matter of considerable interest that the brain itself through 
dorso-lateral lobes takes part in the formation of the definitive nauplius 
of Triops and Artemia. In particular it seems worth noting that neuro- 
dermal cells pass into the brain and from the brain to the lateral and dorsal 
plius eyes and are there transformed into sensory cells. On the other hand, 
ust also be remembered that the direct connexion between the original 
plius eye and the ectoderm is retained for a long time. 

t is also interesting to find that in the Notostraca and Anostraca examined 
h a large part of the cellular material contained in the ganglion opticum of 
compound eye is derived not from the brain but directly from the ecto- 
m of the proliferation zone. To judge by the results obtained by Peabody 
39)-on [dothea this condition is not probably universal among the Crustacea, 
in the case of Idothea it is stated (loc. cit., p. 542) that the optic ganglion 
ormed as a part of the brain. The observations made on the phyllopods also 
ow an interesting side-light on the much-debated question whether the 
1 of the ganglion opticum acts as an organizer necessary for the formation 
the ommatidia (compare Huxley and Wolsky, 1936; Bernard, 1937; 
baisieux, 1952). Both in Tviops and in Artemia the distal part of the ganglion 
icum is formed mostly if not exclusively by cells directly derived from the 
liferation zone, and the cells forming the ommatidia are likewise derived 
ectly from the same zone. But if the generally accepted view that the whole 
lion opticum is formed as part of the brain should be confirmed for, e.8., 
“Malacostraca, we should be faced by the curious situation that the terminal 
+t of the lobus opticus, supposed to be the active organizer, 1s formed in 
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| 
two different ways. In the case of insects there is some experimental evider 
against the induction of the ommatidia in the way suggested by Huxley 
Wolsky (compare Chevais, 1937), and the new facts brought forward h 
suggest that the problem should be approached cautiously. 

I am convinced that an examination of further Crustacea along the sa 
lines will prove fruitful. Surprisingly little is known about the details of 1 
ontogenetical processes dealt with here, and new facts are needed to produ 
a more solid foundation for discussions of phylogenetical and comparat' 
anatomical questions, in which the homologies of the protocerebral sen 
organs necessarily play an important part. . 

The complex origin of the nauplius eye will have to be considered. 
connexion with the attempts which are now being made to evaluate its functi 
in various crustacean groups. 


I am indebted to Professor Per Brinck for a very large sample of the Sou 
African species Triops namaquensis, as well as to Professor Bertil Hanstré 
and Professor K. G. Wingstrand for the use of sectioned adult specimens | 
Triops and Lepidurus. 
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SUMMARY 


Evidence is presented which suggests that in this animal the pars tuberalis may 
ve some function in addition to acting as a bed for the hypophysial portal system, 
nce its cells appear rich in RNA. 
| The granules of the cells of the pars intermedia are shown to be PAS-positive, but 
lis reaction, unlike that of the basiphil cells of the pars distalis proper and the zona 
iberalis, is readily prevented by pretreatment of sections with proteolytic enzymes. 
A study of the basiphil cells of the pars distalis proper and of the zona tuberalis, 
ased on cytological characteristics, size, and shape, provides some evidence for the 
<istence of two, and possibly three, kinds of basiphil cell. 
"The lipid inclusions of the adenohypophysial cells and their relationship to the Golgi 
ements are described, together with some brief preliminary observations upon the 
ectron microscopic characteristics of acidophil and basiphil cells. 


INTRODUCTION 


HE results to be described here form part of an investigation into the 

cytology of the secretory cycle of the basiphil cells of the adenohypophysis 
f the rabbit. The cytological criteria of endocrine activity were discussed 
me years ago by one of the authors (Foster, 1942), and although considerable 
rogress has been made since that time with the advent of new techniques, 
1e assessment of the physiological state of adenohypophysial cells on the 
asis of their cytological characteristics is still a matter of uncertainty. 

The ultimate objective, then, of the present studies was, by using the coital 
flex as a stimulus, to try to discover the cytological changes which occur in 
1e gonadotrophic basiphil cells of the female during the successive phases of 
scretion discharge, restitution, and storage. 

From the outset, certain difficulties were encountered in the initial study 
f young non-parous oestrous animals to be used as controls for those which 

was hoped would show post-coital changes. In this work it was decided to 
se the PAS method for the demonstration of the basiphils since this, having 
histochemical basis, almost certainly gives more precise information con- 
srning the distribution and granule content of these cells and is, therefore, 


Juarterly Journal of Microscopical Science, Vol. 100, part 3, pp. 463-482, Sept. 1959.] 


464 Allanson, Foster, and Menzies 


preferable to the Azan and Mallory methods used by Wolfe and others (193 
Dawson and Friedgood (1938), and Pearse (1951, 19526), in their studies 
the rabbit hypophysis. Furthermore, it should be pointed out here, that 
presence of intracellular granules containing mucoprotein demonstrated 
this technique is probably a more reliable means of identification than the 
of conventional dyes, since it is open to doubt whether the specific granu 
of these cells exhibit a true basiphilia at all. In any event the staining mixtu 
commonly used all consist of acid dyes. The propriety of continuing to ap 
the classical term ‘basiphil’ (or more usually basophil) to these cells will 
briefly discussed later on. 

It was found that the fixation of glands by immersion gave unsatisfacta 
results in that the reaction in many of the basiphils was often very weak a 
very diffuse so that it appeared probable that the maximum demonstration | 
the mucoprotein material was not being achieved. This difficulty was to a co 
siderable extent overcome by fixing by perfusion, after a preliminary washia 
out with ‘dextraven’ (Allanson, Foster, and Menzies, 1957), this prelimin 
fixation being followed by immersion of the glands in the same fixing flui 
Subsequently it was found that chilling the fluids to 5° C gave further 1 
provement. It was also noted that fixing by immersion in chilled fixative w 
a very considerable improvement upon the conventional method of fixing ° 
room temperature. | 

In the light of what has been said, it seemed desirable to re-investigai 
certain aspects of the cytology of the non-parous hypophysis, by using tl 
fixation technique outlined above. The following is an account of the resul. 
obtained. 


MATERIALS AND METHODS 


Fifty non-parous animals, most of them 5 to 6 months old, were used. TH! 
ovaries were always examined in order to assess the degree of sexual maturit} 

Perfusion was achieved by cannulation of the left ventricle while the animak 
were under nembutal anaesthesia. The best results were obtained when th 
fluids used were chilled to about 5° C and the perfusion carried out at pressure 
not exceeding 50 mm Hg. 

After many preliminary experiments (see Allanson, Foster, and Menzie! 
1957), dextraven’ (5% fructose in dextran, 10% w/v solution) was adjudg . 
the best fluid for the initial washing out of the blood. Although there w 
some degree of cell-shrinkage in comparison with glands fixed by immersio 
this was felt to be more than compensated for by the intensity of the PA’ 
reaction obtained in the basiphils of well perfused glands—an intensity rarel 
obtained when, as in earlier experiments, Ringer’s and similar solutions wer 
used. 

After the trial of several different fixatives it was found that for genera 
purposes a fluid due to Baker (1944) consisting of a mixture of 10% neutra 
formalin with calctum and cadmium chlorides (FCC) gave the best results 
Glands were, however, also fixed in Helly’s fluid, a modified Bouin’s flui 
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almi, 1952), Champy’s fluid, and Aoyama’s fixative. These fixatives, some- 

es at 37° C and sometimes at 5° C, were perfused as described above and 

tion was completed by immersion at room temperature for about 20h. 

n conjunction with the principal staining technique—PAS followed by 

nge G made up in aqueous phosphotungstic acid, Crossmon’s method 

37), Mallory’s azocarmine, and Gomori’s (1950) paraldehyde fuchsin (AF) 

re also used. 

iIn addition, use was made of the following special techniques: 

(a) Aoyama’s technique for Golgi bodies followed by toning in gold 
chloride and treatment with PAS / orange G. 

(b) Baker’s (1946) acid haematein test and its appropriate control for the 

demonstration of phospholipids. 

(c) Sudan black applied to thin frozen sections of material fixed in FCC, 

for the demonstration of lipochondria. 

(d) The azocarmine method of Dawson and Friedgood (1938) for the 
demonstration of carminophils. 

(e) Buffered solutions of methylene blue for the assessment of basiphilia in 
the granules of chromophil cells (Peterson and Weiss, 1955). 

(f) Pyronin and methyl green before and after treatment of sections with 
solutions of ribonuclease buffered at pH 6-8, for showing basiphilia due 
to RNA. 

(g) Gram’s stain for basiphils (Foster and Wilson, 1952). 

(h) Perfusion with ‘dextraven’ and 1°% osmium tetroxide buffered to pH 
7-2 for phase contrast and electron microscopy. Frozen sections of un- 
stained material fixed in FCC were also used for the former purpose. 

(z) The incubation at 37° C of paraffin sections with 0-2°% trypsin in tap- 
water or with 0-2°% pepsin in N/100 HCl, to investigate the effect of 
proteolytic enzymes upon the chromophil granules. 

The observations recorded below were made on material fixed by perfusion, 

less otherwise stated. For the study of the distribution of the cell types 5 

ctions were cut in the sagittal or horizontal planes. 


RESULTS 
eneral morphology 


The disposition of the various zones of the rabbit’s pituitary gland to be 
ferred to in what follows are shown in fig. 1. 

The study of the general morphology of the adenohypophysis in material 
xed both by immersion and perfusion confirmed the observations of other 
orkers, notably Wolfe and others (1934), Dawson (1937), Green and Harris 
947), and Harris (1947). The most significant property of the pars distalis in 
1is animal is its subdivision into two readily recognizable zones as follows. 
irst, there is the very vascular zona tuberalis, continuous with the pars 
iberalis and antero-ventral in position. Histologically this region contains 
umerous strongly PAS-positive basiphil cells, often occurring in groups. 
ssociated with them are apparent chromophobes, both small and large; 
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acidophil cells are virtually absent except in the neighbourhood of the juncti 
zone between this region and the pars distalis proper. The second part is iy 
pars distalis proper, morphologically continuous with the pars intermedi 
where, as pointed out by Dawson (1937), there is an intermingling of cey 
—pars intermedia cells spreading into the pars distalis and conversely. T 
pars distalis proper contains abundant acidophil cells which stain readily wi 


stalk pars tuberalis 


infundibular process 


pars intermedia 


cleft 


pars distalis proper connective tissue zona tuberalis 


Fic. 1. Diagrammatic representation of a sagittal section through the pituitary gland of 
female rabbit. 

orange G. The basiphil cells, which give a strong reaction with PAS, a1 

scattered in an apparently random fashion among the acidophil and chrom«c 

phobe cells. They appear to be less grouped into clusters and, as will be com 

mented upon more fully later, their size range appears to be significantly les 

than that of their counterparts of the zona tuberalis. 


The cytology of the pars tuberalis and the pars intermedia 


As is well known, the pars tuberalis extends from the infundibular stalk 1 
become continuous with the zona tuberalis region of the pars distalis. Th: 
part in close association with the infundibular stalk is a very vascular tisst 
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2. Camera lucida drawings of cells from Aoyama preparations to show Golgi bodies and 
an black preparations to show lipochondria. a-c, Aoyama; H-J, Sudan black. a, cell from 

intermedia; B, small chromophobe from pars distalis proper; c, large chromophobe 
1 pars distalis proper; D, basiphil from pars distalis proper; E, basiphil from zona tuber- 
F, acidophil from pars distalis proper; G, large chromophobe from zona tuberalis; H, pars 
rmedia cell showing fine lipochondria and vacuoles with sudanophil rims; 1, chromophil 
irs distalis proper showing granular lipochondria and diffuse sudanophilia; J, chromophobe 
1 zona tuberalis showing rather coarse lipochondria, vacuoles, and diffuse sudanophilia. 


consists of rather small empty-looking cells arranged in cords and follicle- 

groups. The examination of sections prepared by the PAS / orange G 
unique showed a complete absence of basiphil and acidophil cells. Strongly 
5-positive ‘colloid’ material was not infrequently seen, however, in the 
ina of the follicular groups, although the cells themselves were chromo- 


be. 


n the region distal to the stalk, the pars tuberalis assumes more the 
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character of the zona tuberalis. The cells are large and basiphil cells begi 
appear; the cell arrangement, however, is somewhat intermediate in chara 
since follicular groups, sometimes containing ‘colloid’, are still to be se 
An examination of the Golgi bodies after impregnation by the Aoyama met 
suggests that this intermediate zone properly belongs to the zona tubera 
since the Golgi material of these cells is much more like that of the zona t 
of the pars tuberalis. In the latter, the Golgi bodies appear as rather spa 
arrangements of delicate, closely perinuclear strands, in contrast to the lar! 
densely argentophil juxtanuclear nets of the zona tuberalis and the transitio 
region under discussion (fig. 2, E, G). 

An unexpected feature of the pars tuberalis was the demonstration 
pyronin and methyl green staining of a relative abundance of cytoplas 
RNA. This was generally to be seen as deeply coloured masses in the c 
plasm or as a zone partially investing the nuclear membrane. Control secti 
incubated in buffer solution alone did not show this ergastoplasmic mate 
(fig. 35 A, B). 

The pars intermedia is a very striking region of the rabbit’s hypophysis a 
its cells react very strongly with Schiff’s reagent after periodic acid oxidatia 
Unlike the pars distalis, the reaction is strong even after fixation by immersid 
The colour resides in the intracellular granules, which are often numer 
and very sharply defined. It was noted, however, that there was some variati| 
among the cells both as to the numbers and intensity of staining of the granu! 
—a fact presumably associated with the as yet unelucidated secretory activiti 
of these cells. Invasive cells from the neighbouring pars distalis were oft 
noticed—basiphils quite commonly and acidophils less so. It was discovert 
that the incubation of sections with trypsin or pepsin solutions for qui 
short periods (about 1h) virtually abolished the PAS reaction of the inte 
media granules, whereas the reactive granules of the pars distalis basiphi 
were almost completely unaffected (fig. 3, c, D). In this way it was read} 
possible to locate within the pars intermedia the basiphils of pars distal 
origin. It would be possible to use the same technique to discover the exte 
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Fic, 3 (plate). a, pars tuberalis. Note dark basiphil masses in the tuberalis cells investing t 
blood vessel in the lower right-hand corner. The infundibular process lies to the left. Fix 
in FCC by perfusion and incubated in buffer solution only. Pyronin / methyl green. . 

B, pars tuberalis. Neighbouring section to above and stained in the same way after incul 
tion in buffered ribonuclease. Note that the ergastoplasmic material has disappeared. 

Cc, pars intermedia (to the right); the cells react strongly with PAS. To the left a few sc 
tered cells of the pars distalis proper can be seen. Fixed in FCC by perfusion and incubated 
tap water at 37° C. PAS / orange G. 

D, pars intermedia. Neighbouring section treated as above after preliminary digestion w 
trypsin in tap water at 37° C. The PAS reaction of the intermedia cells is destroyed, but1 
that of the basiphils of the pars distalis, some of which can be seen in the top left-hand cor 
of the photograph. 

E, pars distalis proper. The dark cells shown here are acidophils whose granules re 
positively to Baker’s acid haematein test. Frozen section of material fixed in formaldehyc 
calcium chloride. 


F, section serving as control to above. Extracted with pyridine after fixation of gland 
weak Bouin’s fluid. Acid haematein. 
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d depth to which intermedia cells invade the pars distalis, as they un- 
ubtedly do. In the present instance, however, this was not attempted. 
The reaction of the intermedia cell granules to Gomori’s paraldehyde- 
hsin (AF) was somewhat variable, depending very much on its ripeness 
d the length of staining, but in general the results obtained were similar to 
se given by PAS. 

The Golgi material was demonstrable as very conspicuous spherical or sub- 
herical nets, usually touching the nuclear membrane (fig. 2, A). In some 
lls the argentophil material was more attenuated, assuming the form of a 
angle with its base in association with the nuclear membrane. These cells 
re usually themselves rather elongated in a direction parallel to the long axis 
the Golgi body, so that the ‘stretching’ of the latter might well be of a 
echanical rather than a functional nature. 

In thin frozen sections of material fixed in FCC and coloured with Sudan 
ack, a well-defined zone of lipochondria could be seen. The individual 
danophil elements were smaller but more numerous than those to be 
scribed in the pars distalis. Occasionally the bodies were threadlike or in the 
rm of chains of granules. These lipochondria were embedded, sometimes in 
sociation with vacuoles or canals, in a weakly sudanophil background sub- 
nce (fig. 2, H). This region of the cell corresponded both in position and 
tent with the Golgi material described above. 

After staining with methyl green and pyronin, a considerable number of 
Ils showed cytoplasmic basiphilia. 


e cytology of the pars distalis 


After the application of the azocarmine technique (as described by Dawson 
d Friedgood, 1938, and Pearse, 1951, 19525), to material fixed in formalde- 
de / mercuric chloride, two classes of apparent acidophils were sometimes 
en—those whose granules coloured predominantly with azocarmine (car- 
inophils) and those staining with orange G. There were, however, cells 
hose granules were intermediate in colour and, on occasion, groups of pre- 
imed basiphil cells were observed whose granules had coloured purple 
istead of blue. Somewhat similar results were obtained in a pituitary taken 
om an animal 3h after coitus, where carminophil cells were present in con- 
derable numbers (Friedgood and Dawson, 1938; Pearse, 1951, 1952). 
arminophil cells have been described in the pituitary glands of other mam- 
als (Dawson, 1946), and also in the frog (Ortman, 1956), where it has been 
emonstrated that they are also PAS-positive and therefore presumably 
asiphils. In the rabbit, however, this is not so, since the application of the 
AS | orange G method after removal of the carmine failed to show a positive 
action, the cells staining with the orange G. In view of the fact that there 
ypears to be an unusually strong subjective element in the azocarmine tech- 
ique, associated particularly with the preliminary differentiation of the dye 
ith phosphotungstic acid, it was not extensively used, and the PAS method 
f Pearse (1949) was employed almost exclusively for routine study. 
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After fixation with FCC by perfusion, a much stronger and more consiste 
colouring of the basiphil cells with PAS was obtained than after fixation 
this and other fixatives (Helly, formaldehyde / mercuric chloride) by imme 
sion (compare fig. 4, A, C; B, D). Some shrinkage of the cells did occur, but 
was felt that this was less important than an accurate determination of thi 
numbers and position. As was pointed out in a previous note (Allanso 
Foster, and Menzies, 1957), there was no evidence to suggest that there w 
any significant adventitious staining due to a non-specific absorption of de 
trans from the fluid used in the preliminary washing out. It is true (Persso 
1952) that when substances like dextraven are injected into the living ani 
they can be detected in various organs after the lapse of varying intervals 
time, but such procedures are hardly comparable with the perfusion of wh 
is virtually a dead animal. 

In view of recent investigations, particularly of the rat (Purves and Grieg 
bach, 1951 a, 6, 1954; Halmi, 1950), which have resulted in the recognition d 
three classes of basiphil cell, special attention was paid to the position, stainin 
properties, and morphological characteristics of the PAS-positive cells, bot 
within the pars distalis proper and between this and the zona tuberalis. I: 
order to be as objective as possible, camera lucida drawings of go basiph: 
cells chosen at random from the two zones of four different pituitaries we 
made, along with notes relating to depth of staining, granule size, density, eta 
Cells cut through the nuclear region were always chosen for this purpose. Ii 
the first place it was clear that there was considerable diversity of shape amon; 
the cells, but they could, in general, be divided into two principal classes— 
those with smooth curved contours and those with straighter angular conh 
tours. Intermediate forms were also observed. There was no evidence, how} 
ever, that cells of a particular shape were restricted to particular areas; all 
forms were noted both in the pars distalis proper and in the zona tuberalis: 

With regard to the size of the basiphil cells, the position was different, sine¢ 
it was evident from casual observation that the zona tuberalis contained cell! 
larger than any to be found in the pars distalis proper (compare figs. 2, D, E} 
4, C, D). To investigate this further, camera lucida drawings of nearly 400 
cells cut through the nucleus and randomly chosen, were made on squared 
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Fic. 4 (plate). All fixed in FCC, a and B by immersion; c-F by perfusion after washing 
through with dextraven. | 
A, pars distalis proper. The reaction with PAS is so weak and diffuse that definitive basiphil 
cells cannot be seen. PAS / orange G. | 
B, zona tuberalis from same gland as above. The reaction with PAS is much stronger, bu’ 
there are cells giving a diffuse and unsatisfactory reaction. PAS / orange G. | 
Cc, pars distalis proper. An intense PAS reaction is given and many basiphil cells can be 
seen. (Compare a, above.) PAS / orange G. 

D, zona tuberalis from same gland as aboye. An intense PAS reaction is given by the 
basiphils, which on average appear larger than in c, and are often arranged in groups as in the 
upper right-hand part of the photograph. PAS / orange G. 

ve pars distalis proper. Many basiphil cells stain with aldehyde-fuchsin. Compare with ¢ 
above. 


F, zona tuberalis from same gland as above. Many basiphil cells stain with aldehyde fuchsin 
Compare with D. 
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Der'so that their areas could be calculated. For this purpose sagittal sections 
m a pituitary (PR 48) fixed with FCC by perfusion and from another 
R 49) similarly fixed by immersion were used. The latter gave a PAS reac- 
n sufficiently strong to allow enough basiphil cells to be examined and 
awn. ‘The number of cells studied from the zona tuberalis and pars distalis 
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. 5. Histograms showing the size distribution (expressed as cell areas measured in arbitrary 

ts) of the basiphil cells of the rabbit’s adenohypophysis. A, pars distalis proper; B, zona 

eralis of rabbit PR 48 (preliminary fixation by perfusion); C, pars distalis proper; D, zona 
tuberalis of rabbit PR 49 (fixed by immersion). 


yper of each gland was approximately the same. The results obtained from 
. examination of these two regions of PR 48 and PR 49 are expressed in the 
m of histograms in fig. 5. 

In both instances, the range of cell size was distinctly greater in the zona 
yeralis than in the pars distalis proper, being respectively (in arbitrary 
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squares) 10-90 and 20-60 for PR 48 and 20-100 and 20-70 for PR 49. Wh 
the average cell sizes were calculated for the same two regions they were 36 
and 32:9 for the former, and 51 and 36:5 for the latter. These results, ther 
fore, limited as they are, support the view that zona tuberalis basiphils te 
to be bigger than those of the pars distalis proper. It was further observ 
that the basiphils of the zona tuberalis commonly occurred in small group 
whereas those of the pars distalis proper were more individually scatter 
among the acidophil and chromophobe cells (fig. 4, C, D). 

Analysis of the reaction of the basiphil granules to PAS showed that it w 
often very intense indeed in many cells after fixation in FCC by perfusio 
both in the zona tuberalis and in the pars distalis proper (fig. 4, c, D). TI 
basiphil cells of both zones showed variation in the size and quantity 
granules between one cell and another. In the zona tuberalis some cells cot 
tained larger granules than any to be observed in the pars distalis proper. O 
the other hand there were also frequent cells whose granules were so weakl 
reactive with PAS, or else so scattered, that at low magnification they mig. 
be confused with the non-granular chromophobes. : 

When sections of material fixed either in FCC or formaldehyde / mercuri 
chloride were treated with Gomori’s aldehyde-fuchsin (AF), a positive reac 
tion was observed in many cells, both of the zona tuberalis and the par 
distalis proper (fig. 4, £, F). It must be pointed out, however, that severa 
different samples of basic fuchsin were tried before a reliable result wa 
obtained. The distribution of the AF-positive cells closely followed that of th 
basiphils demonstrated in neighbouring sections with PAS. In order to estab 
lish the relationship more precisely, camera lucida drawings were made 0 
small regions containing both AF-positive and AF-negative cells, comprisin; 
nearly 400 cells in all. The stain was then removed with weak chlorine wate 
and the sections were treated by the PAS method. It was found that wherea 
AF-positive cells were invariably PAS-positive (with the exception of on 
doubtful example), the converse was not true, and this finding applied to botl 
the zona tuberalis and the pars distalis proper. In the 18 fields examined, th 
proportion of cells both PAS- and AF-positive to those PAS-positive only 
averaged 61% for the zona tuberalis and 86%, for the pars distalis proper. h 
view of the small number of cells examined, only a general inference can a 
the moment be made from these figures, to the effect that the basiphil cell 
which are both PAS- and AF-positive are substantially in excess of the other 
both in the zona tuberalis and pars distalis proper. It should also be remarke 
that careful examination has so far failed to reveal any characteristic difference 
in shape or staining properties between these two apparent classes of cells 

The application of the Gram staining method gave results which were no 
nearly as consistent as those obtained in the human adenohypophysis afte 
formalin and Helly fixation (Foster and Wilson, 1952), where basiphil bu 
never acidophil cell granules were coloured. In the rabbit, basiphil cell 
reacted positively only after fixation in Helly’s fluid and the results obtainet 
varied greatly as between one specimen and another. 
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cently (Peterson and Weiss, 1955), evidence has been adduced which 
sts that the granules of the basiphil cells of 5 different mammalian species 
ding the rabbit) show a true basiphilia when stained with dilute solutions 
ethylene blue at high pH and after fixation in Helly’s fluid and further 
this is distinct from that due to ergastoplasmic RNA. In the present 
tigation, sections from pituitaries fixed either by immersion in or per- 
n by Helly’s fluid were stained in the manner described by Peterson and 
s, and groups of deeply staining cells were drawn with the aid of a 
ra lucida; the sections were then decolorized in weak acid alcohol and 
cted to the PAS / orange G procedure, and the same cells were then re- 
ined. In only one out of ro fields examined did the strongly staining cells 
e to be basiphils, and even here only a proportion of the total number was 
nstrated; in the remaining fields the cells were acidophils, being PAS- 
tive but positive to orange G. As far as could be made out, the only 
ficant difference in technique between the one described above and that 
terson and Weiss was in the period of fixation—zoh, as compared with 
h used by the latter. 
was expected, cytoplasmic basiphilia due to RNA as demonstrated by 
yl green and pyronin was found in acidophil, basiphil, and chromophobe 
. Camera lucida drawings were made of nearly 600 cells from sections 
ed by this method. After removal of the dyes in alcohol, the sections 
treated with PAS and orange G to demonstrate the cell types. Analysis 
e results obtained showed that of the acidophil cells 31° showed marked 
plasmic basiphilia, and the corresponding figures for basiphils and 
mophobes (large and small) were 64% and 31% respectively. These 
es show that a substantial proportion of all these cell classes contain 
stoplasmic material. This is in agreement with observations made upon 
an material (Foster and Wilson, 1952). 
he lipid inclusions of the cells were demonstrated by the use of Sudan 
k upon thin frozen sections and by Baker’s acid haematein test for phos- 
ipids. These methods were applied to both frozen and paraffin sections. 
an black, after rather prolonged application, revealed numbers of small 
anophil particles or lipochondria in the cells of both the zona tuberalis 
the pars distalis proper (fig. 2, 1, J). These bodies, like those in the rat, 
unlike those of man, were restricted to a fairly clearly defined region of 
cytoplasm, never far away from the nuclear membrane. ‘They appeared 
e homogeneous, but on account of their small size any central sudanophobe 
would be difficult to resolve. Sometimes the particles were associated 
. an amorphous sudanophil background material. Small vacuoles (fig. 2, J) 
sometimes canal-like structures were noticed in this region, both by 
ct light and by phase contrast microscopy, but it was not possible to 
xmine whether there was any characteristic relationship between these 
cts and the lipochondria. Indeed, it was not always easy to be certain 
ther some of the apparent vacuoles were not really uncoloured secretion 
ules embedded in the lipochondrial zone. It was noted that this zone 
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corresponded rather closely in position with the Golgi material as deme} 
strated by Aoyama’s method and thus resembles the condition previous} 
observed in the rat (Foster, 1947). | 
After the acid haematein test, a large number of cells were found to hay 
reacted positively—their granules having coloured blue-black (fig. 3, E, : 
It was not difficult, after bleaching out the dye with weak chlorine water ai} 
then treating the sections with PAS and orange G, to establish that the 
were acidophil cells. These observations are in agreement with those pm 
viously made in the rat (Rennels, 1953) and in man (Foster, 1956). 
Aoyama’s technique, particularly after initial fixation by perfusion, gave 
satisfactory impregnation of the Golgi elements throughout the thickness 
the specimen, but with some over-impregnation in the extreme periphes 
zone. Although the PAS reaction is greatly weakened when used after t 
method, there is sufficient reaction to enable a considerable proportion of tl 
basiphil cells to be identified. The orange G stained the acidophil cells witho: 
much difficulty. ; 
With the exception of the small chromophobes, the Golgi elements of t 
chromophil and large chromophobe cells were almost exclusively in the for 
of argentophil nets, spherical or subspherical in form and normally in conta 
to a variable extent with the nuclear membrane. In the pars distalis prope 
although unlike the rat and certain other species, there seemed little differene 
between the form of the Golgi elements as between acidophil and basiph 
cells, the degree of impregnation was, in general, greater in the former (fil 
2, D, F). The Golgi bodies of the basiphil cells of the zona tuberalis were alway 
larger and more heavily argentophil than those of the pars distalis propes 
They were in the form of juxtanuclear nets associated with which were rathe 
large argentophil granules (fig. 2, £). Although there is no doubt that th 
Golgi material is absolutely larger in these basiphil cells than in those of tH 
pars distalis, there is some doubt as to whether they are relatively large 
since the cells themselves are substantially bigger. As was mentioned earlied 
acidophil cells are infrequent in this zone, but their Golgi bodies are similé 
to those in the acidophils of the pars distalis proper. 
‘The small chromophobes of the pars distalis proper contain Golgi elemem 
which are usually in the form of strands and granules closely applied to tk 
nuclear membrane (fig. 2, B); in the large chromophobes the argentoph 
material is more dispersed and extensive, and resembles more that of th 
chromophil cells (fig. 2, c). The large chromophobes of the zona tuberali 
contain very heavily impregnated Golgi material in the form of large sphericz 
or subspherical aggregates of threads and granules. These appeared to kx 
among the most heavily argentophil objects in the whole gland (fige25.G): 
Phase contrast examination of thin, unstained, frozen sections of materié 
fixed in FCC and mounted in Farrants’s medium showed apparent canalicula 
systems fairly frequently. These were likewise observed in the form of the sc 
called ‘negative images’ of the Golgi element in stained sections—particularl] 
in acidophil cells. In thin sections of material fixed in osmium tetroxid: 
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uffered to pH 7-2 and similarly examined, canalicular systems were not 
early so evident and, where observed, were much more delicate than after 
CC fixation. 
A study by phase contrast microscopy of the intracellular granules in sec- 
ons of material fixed in the manner already mentioned and similarly mounted 
id not give any very definite information. After fixation in FCC, a large 
roportion of cells appeared granulated but it was not readily possible to 
ifferentiate between acidophils and basiphils. In some sparsely granulated 
ells it is likely that the objects seen were mitochondria rather than secretion 
ranules. The examination of material fixed with buffered osmium tetroxide 
howed sharply defined granules of a fairly uniform size in a much smaller 
roportion of cells, whose arrangement in largish groups suggested that they 
ere acidophils. In view of the fact that such granules have been shown to 
ontain phospholipid, this appears to be a reasonable suggestion. It was not 
ossible to resolve the contents of the remaining cells, although mounting 
edia of different refractive indices were used. 
Although phase contrast microscopy and standard staining methods were 
ot successful in demonstrating mitochondria, preliminary study with the 
lectron microscope showed them as fairly dense rod-shaped bodies (fig. 6, 
). Evidence of internal cristae was obtained in some instances (fig. 6, c) but 
hese appeared to be somewhat vesiculated, possibly owing to the fact that 
n order adequately to preserve the glycoprotein of the basiphil cells, the 
aterial had been perfused with dextraven before perfusion fixation with 
smium tetroxide. The granules of the acidophil cells (fig. 6, A, B), like those 
f the rat (Rinehart and Farquhar, 1953), were very much larger than those 
f the basiphils (fig. 6, B) and were, perhaps, more opaque; it was not unusual 
to find a row of the former arranged in orderly array just inside the cell mem- 
brane (fig. 6, A), as has also been described in the rat by Green and Van 
Breemen (1955). Quite often the acidophil granules appeared to consist of a 
lighter core surrounded by a denser rim (fig. 6, A, B). Since only a limited 
amount of material has so far been examined, it is not proposed to say anything 
further at this stage about the results of electron microscopic examination. 
It is hoped that a fuller report will be published separately later on. 

In conclusion, it will be remembered that treatment of sections with pro- 
teolytic enzymes for short periods prevented the subsequent reaction of the 


’ Frc. 6 (plate). All electron micrographs of pars distalis tissue, fixed by perfusion with 
buffered osmium tetroxide solution at 5° C after washing through with chilled dextraven. 
“a, an acidophil cell occupies the centre of the field. Many of its granules are aligned along 
the cell membrane, and there is a suggestion of a less dense central area in some of the acid- 
ophil granules. Adjacent to the lower edge of the acidophil is part of a chromophobe and, to 
the right of this, is a small portion of a basiphil cell containing small granules. 

B, an acidophil cell with large granules occupies the upper part of the photograph. As in 
a, some of these granules appear to possess a less dense central region. The lower part of the 
photograph contains a basiphil cell in which small granules can be seen, both in the cytoplasm 
and in association with the cell membrane. 

c, a small area of the cytoplasm of the basiphil cell shown in B. Mitochondria and possibly 
part of the Golgi zone (top left) can be seen. 
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pars intermedia cells to PAS, whereas the basiphil cells of the zona tuberali 
and pars distalis proper were apparently unaffected in this respect. Mor 
prolonged treatment with pepsin and trypsin did, however, destroy the PAS 
reaction in many of the basiphil cells of these two regions. At first sight 

appeared as if the effect was primarily in the pars distalis proper, but close 
inspection showed, first, that some basiphil cells in the peripheral region op 
the latter zone were in fact relatively unaffected, and that secondly, basiphil , 
cells towards the centre of the zona tuberalis no longer reacted to PAS. Il 
appeared, therefore, that the more superficial cells of both regions were prow 
tected from the action of the enzymes, probably owing to the fact that they 
are the first to be reached by the fixative in which the glands were immersed: 
after their primary fixation by perfusion. Acidophil cells were, judging byy 
their staining capacity, less affected by these enzymes, although pepsin was 
more destructive than trypsin in this respect. . 


| 

DISCUSSION | 
It is not immediately obvious why there should have been difficulty im 
demonstrating adequately and consistently the glycoprotein of the basiphii 
cells of the rabbit pituitary by the PAS method. Since a strong reaction could 
in fact be obtained in these cells, when successful preliminary fixation by per- 
fusion had been achieved, it seems unlikely that the difficulties encounteredh 
were due to a low concentration of these substances in the cells. It would} 
appear rather, that in the rabbit glycoprotein is more labile and is much more¥ 
readily lost from the cells during the process of fixation by immersion, tha 
in man or the rat, for example. In the former a strong reaction can, in fact,, 
be obtained several hours after death. This view is further supported by thet 
fact that in fixing by perfusion, the nature of the fluids employed in the 
preliminary washing out was of great importance in determining the end-: 
result. If normal saline or Ringer’s solution were used, there was a great loss| 
of reacting material, but this was less evident after isotonic sucrose and less§ 
still after dextraven. Furthermore an improvement was observed in fixation’ 
by immersion if the fluid used was chilled to about 5° C. In this case, although} 
it is probably true that the fixative enters the tissue more slowly at this lower 4 
temperature, it may well be that the postulated diffusion of the PAS-positive» 
material from the cells is correspondingly slowed down to an even greater > 
degree. | 
In spite of great care taken to ensure, as far as possible, the constancy of the 
conditions under which perfusion was carried out, variability in the final 
results was encountered. This was presumably due to factors operating t 
primarily in the pituitary itself, resulting in extreme cases in excessive cell | 
distortion or imperfect perfusion of the gland with a loss of PAS-reactive | 
material in those particular regions. It was apparent, however, that the great | 
improvement over immersion fixation given by this method in successful 
experiments, compensated for the failures which, in any case, became much 
less as greater proficiency in the use of the technique was acquired. Baker | 
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7 
1958) has recently expressed the view that in cytology, fixation by perfusion 

‘seldom necessary or desirable’ because, as he says, in many tissues and 
rgans the amount of fixative held by the vascular system is relatively small 
nd because at the microscopical level a large proportion of the cells will be 
ar removed from capillary vessels. In the pituitary, however, one is dealing 

ith an extremely vascular organ, and this mode of fixation, which is essen- 
jally preliminary, since subsequently fixation is continued by immersion, 
ndoubtedly preserves more adequately a cell constituent of the first im- 
ortance (the glycoprotein), than does immersion alone. 

A finding of some interest, yet puzzling, was the discovery in the cells of 
he pars tuberalis of considerable amounts of basiphil material which could 
9e destroyed by incubation with ribonuclease. This material, resembling in 
orm and distribution the so-called ergastoplasm or chromidial substance, 
resumably contains substantial amounts of RNA. According to current 
views this would indicate active protein synthesis within these cells, associated 
ither with growth and multiplication or else with secretory activity. It will 
ye remembered, however, that acidophil cells were absent and that basiphil 
ells were extremely infrequent and very weakly PAS-positive, so that the 
ells showing this cytoplasmic basiphilia would be very largely those of the 
10n-granular chromophobe type. This raises the question whether this region 
yf the pituitary may not have some endocrine function. Harris (1955) has 
uggested that, in the absence of evidence for endocrine function, the role 
of the pars tuberalis is to act as a bed for the portal vessels. He points out, 
10wever, that there is embryological evidence from a few non-mammalian 
species which would run counter to this view. The absence of visible secretion 
yranules in the pars tuberalis cells does not invalidate the notion of their 
yOssessing a secretory function, since, for example, parathyroid cells (with 
he exception of the oxyphil cells present in some species) are similarly lacking. 

The intermediate zone of the adenohypophysis of mammals has been rather 
1eglected from a cytological, and indeed, from a functional point of view. In 
he rabbit the reaction of the intracellular granules with PAS was intense and 
ippeared to be independent of the kind of fixative used and of the mode of 
ixation. It is not unlikely that variations in the intensity of the PAS reaction 
mong the cells and differences in the form of the Golgi material may repre- 
ent different phases of secretory activity. The chemical nature of the PAS- 
yositive material is—as far as the writers are aware—unknown. It is possible 
hat it is a glycoprotein (although the hormone intermedin, which is usually 
egarded as a specific hormone of this part of the gland, appears not to be 
Welsh, 1955)), but in the fixed state it is far less resistant to digestion with 
rypsin or pepsin than is the glycoprotein of the pars tuberalis and pars distalis 
oper. Because of this fact, true basiphil cells which have apparently invaded 
he pars intermedia can readily be detected after such preliminary enzyme 
ligestion. Presumably, therefore, there is some significant chemical difference 
etween the two kinds of PAS-positive substances. 

In some respects the observations made upon the pars distalis proper and 
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the zona tuberalis were disappointing, since the basiphil cells which w 
particularly studied showed no immediately obvious subdivisions into disti 
tive cytological categories as appears to be the case in the rat (Purves a 
Griesbach, 19514; Purves and Griesbach, 1954; Farquhar and Rineha: 
1954), where three kinds of PAS-positive basiphil cell, producing respectiv 
follicle-stimulating hormone (FSH), luteinizing hormone (LH), and thyr 
trophic hormone (TH), have been described. It should be pointed out, hoy 
ever, that the subdivision of the gonadotrophs into those producing FSH a 
those producing LH has recently been called in question by Barrnett, Ladma 
and others (1956). Although the ultimate test of a cell’s function must cons 
in studying its behaviour in parallel with distinctive functional episodes in tif 
life of the whole organism or during the course of carefully controlled expe 
mental procedures (as has been achieved in the rat (Purves and Griesbac! 
1951a; Siperstein and others, 1954)), it had been hoped that some preliminam 
classification of basiphil cells on morphological, cytochemical, and othg 
grounds would have been possible. . 
Certain differences did emerge, however, between the basiphil cells of t 
pars distalis proper and those of the zona tuberalis; the latter tending to 
larger in size and frequently aggregated into groups. Also, the impression wd 
obtained that these cells often contained larger and more distinct granuld 
than the basiphils of the pars distalis proper. By contrast, however, ther 
were also cells in the zona tuberalis, which, although apparently chromopho 
under the lower powers of the microscope, were seen to contain granule 
either very scattered and staining normally with PAS, or else fairly numerou 
but weakly staining with PAS. In the absence of other information, it woull 
appear best, at the moment, to regard these cells as different functional state 
of the normal zona tuberalis basiphil cell, although their Golgi bodies are, ii 
general, more heavily argentophil than those of any other cells of the adeno 
hypophysis. . 
The results obtained with Gomori’s aldehyde fuchsin provided no evidenci 
for the existence of a specific AF-positive cell with a characteristic shape, as i 
appears to do in the rat where, according to Purves and Griesbach (1951 a, | 
and Halmi (1950), it reveals the thyrotrophic basiphil cell. In the rabbit, AF‘ 
positive cells of variable shape were found in very substantial numbers bot 
in the pars distalis proper and in the zona tuberalis, and, indeed, man’ 
granulated cells of the pars intermedia were reactive to this stain. | 
The cytological evidence so far obtained would appear to justify the recogni 
tion of only two kinds of basiphil cells—those of the pars distalis and of tha 
zona tuberalis, although the weakly PAS-positive, granular cells of the latte: 
zone with their conspicuous Golgi bodies may subsequently prove to be ‘ 
third. In the pregnant and lactating cat, however, whose adenohypophysi: 
resembles that of the rabbit in possessing an extensive zona tuberalis (Dawson! 
1937), Herlant and Racadot ( 1957) have described three kinds of basiphil 
cell—all of them PAS-positive, and have respectively ascribed to them 
luteinizing, thyrotrophic, and follicle-stimulating functions. The first typé 
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f cell (‘la cellule rouge brique’) is reported as having an additional affinity 
or orange G and thus masquerades as an acidophil cell in Mallory trichrome 
reparations. It is further considered by these authors to be the same as the 
carminophil’ cell described in the rabbit and cat by Friedgood and Dawson 
1938). Such cells were not observed in the rabbit. With regard to the remain- 
g two kinds of basiphils in the cat’s adenohypophysis, one—‘petites cellules 
asophiles isolées’—scattered throughout the pars distalis proper, would 
ppear to correspond with the similarly situated and scattered PAS-positive 
ells of the rabbit. Unfortunately Racadot and Herlant do not specifically 
tate that they observed these cells (which they regard as thyrotrophs) in the 
on-pregnant animal. The third and last class of cell, considered by these 
uthors to produce follicle-stimulating hormone (FSH), is described as being 
estricted to the anteromedian part of the gland. These cells seem to corre- 
pond in position with the basiphil cells of the zona tuberalis of the rabbit and 
urther resemble them in being the only ones consistently stainable with 
iniline blue by trichrome staining methods. 

With regard to the acidophil cells, as has already been mentioned, some 
doubt was felt as to whether the carminophils, sometimes demonstrable in 
non-parous animals after the azocarmine technique, represented a distinct 
sell category, since the technique was not free froma strong subjective element. 
hese cells (according to Herlant and Racadot (1957) the equivalent of the 
rouge-brique’ cells of the cat) have presented difficulties of interpretation for 
some time, because when Friedgood and Dawson (1938) first described them 
n rabbit pituitaries, after coitus, and presented evidence suggesting that they 
were the producers of luteinizing hormone, it was not then known that LH 
was a glycoprotein, nor were methods for the demonstration of such sub- 
stances in tissue sections available. As has been pointed out by Pearse (1952), 
t is extremely improbable on chemical grounds that the carminophil cells 
»roduce LH. On the other hand it has, perhaps, been too readily assumed that 
yecause the granules of these cells colour preferentially with azocarmine that 
hey must be acidophils. If, however, it is conceded that what have, by general 
‘onsent, been called basiphil cells are also invariably PAS-positive, then in 
he frog (Ortman, 1956), the cat, and a species of bat (Herlant and Racadot, 
957) the carminophil cells should be regarded as a special class of basiphil, 
ince they appear also to be PAS-positive. This point was also investigated in 
he present work, but all the carminophils examined proved to be PAS- 
legative yet readily colourable with orange G. It was thus concluded that 
hese cells were acidophils. The fact that these results are in disagreement 
vith those of Herlant and Racadot may indicate a species difference. 

The foregoing observations raise the question of the terminology to be 
pplied to what have, by common usage, been called the basiphil cells of the 
denohypophysis. It is still by no means agreed that the granules of these 
ells exhibit, after fixation, a true basiphilia. As was remarked earlier, it was 
ot possible to confirm the observations of Peterson and Weiss ( 1955), which 
ppeared to show that the basiphil cell granules in the rabbit were truly 
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basiphil after fixation in Helly’s fluid. In view of the differences of opinio 
which undoubtedly exist (e.g. Moscona and Moscona, 1952), it might well 
better to abandon the word basiphil altogether and to substitute ‘mucoid’ ( 
has already been suggested by Pearse, 1949) or some similar term indicatin 
to some extent the chemical properties of these cells. The evidence at prese 
available certainly suggests that their glycoprotein content is a much mor 
certain and generally acceptable criterion for distinguishing these granul 
from others in the adenohypophysis, than is their affinity for basic dyes. 

Two kinds of lipid inclusion were demonstrable by Sudan black and Baker’ 
acid haematein. Small granular lipochondria located in the region of tho 
Golgi body were shown by the first method and the granules of the acidophill 
by the second. These observations are in accord with those previously made on 
other species (Foster, 1947, 1956; Rennels, 1953; Lacy and Challice, 1957) 
although Rennels does not state unequivocally whether he believes that tha 
granules he demonstrates are identical with the specific granules of these cells; 
Recently, Elftman (1958) has questioned the validity of the acid haemateit 
test when applied to cells in which other reducing substances may be presen’ 
and, on the basis of a process of ‘controlled chromation’ followed by tha 
application of Sudan black (a method which he believes is more specific fos 
phospholipids), this author describes certain acidophils in the rat ‘charac 
terised by the presence of spheroidal granules which differ from ordina 
somatotropic granules in staining with Sudan black’. However this may be 
there is no doubt that both in man and in the rabbit the granules that are 
positive to acid haematein are identical with those that colour with acid dye 
by ordinary methods. In conclusion, it might tentatively be suggested thati 
the darker peripheral region observed in some acidophil granules by electro 
microscopy represents the phospholipid component demonstrable by aci 
haematein in frozen sections, although it must be admitted that conventional 
microscopy did not suggest a duplex structure for these granules in the latter, 
type of preparation. 


(i 


We wish to thank Mr. H. Long, Histological Technician in the Dept. of 


Biology, St. Mary’s Hospital Medical School, London, W. 2, for his technical 
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